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PALAEONTOLOGY. 


Pal-€ONTOLOGY*  is  the  science  which  treats  of  the  evidences 
in  the  earth's  strata  of  organic  beings,  consisting  of  fossil 
remains,  casts  and  impressions,  of  plants  and  animals,  belong- 
ing, for  the  most  part,  to  species  that  are  extinct. 

The  endeavour  to  interpret  such  evidences  has  led  to 
comparisons  of  the  forms  and  structures  of  existing  plants 
and  animals,  which  have  greatly  advanced  the  science  of 
comparative  anatomy,  especially  as  applied  to  the  hard  and 
enduring  parts  of  the  animal  frame,  such  as  corals,  shells, 
spines,  crusts,  scales,  scutes,  bones,  and  teeth. 

In  applying  the  results  of  these  comparisons  to  the  restora- 
tion of  extinct  species,  physiology  has  benefited  by  the  study 
of  the  relations  of  structure  to  function  requisite  to  obtain 
an  idea  of  the  food  and  habits  of  such  species.  It  has  thus 
been  enriched  by  the  well-defined  law  of  "correlation  of 
structures.'' 

The  knowledge  of  the  type  or  plan  of  an^angement  of 
certain  systems  of  organs,  e.  g.^  the  skeletons  of  the  Verte- 
brata  and  the  teeth  of  the  Mammalia,  has  been  confirmed 
by  the  more  frequent  and  closer  adherence  to  such  type 
discovered  in  extinct  animals,  and  thus  the  highest  aim  of 
Zootomy  has  been  greatly  promoted  by  palaeontology. 

Zoology  has  gained  an  immense  accession  of  subjects 
through  the   determination  of  the  nature  and   affinities  of 

♦  From  palaio8,  ancient ;  outfl,  beings;  logop,  a  discovme. 
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'1  PAL.KONTOLOGY. 

extinct  animals  ;  and  nmch  fui-tlier  insight  has  been  carried 
into  the  tme  system  of  chi^sification  since  paheontology 
expanded  our  survey  of  the  animal  kingdom. 

But  no  collat(u\al  science  has  profited  so  nmcli  by  ])ahe- 
ontology  as  that  which  teaches  the  structure  of  tlie  earths 
crust,  with  the  time,  order,  and  mode  of  formation  of  its 
constituent  stratified  and  unstratified  parts.  Geolog}%  indeed, 
in  her  recent  progress,  seems  to  have  left  her  old  hand- maiden 
mineralogy  to  lean  upon  hc^r  young  and  vigorous  offspring,  the 
science  of  organic  remains. 

By  this  science  the  law  of  the  geogi-aphical  distribution 
of  animals,  as  deduced  from  existing  species,  is  shewn  to  have 
been  in  force  during  periods  of  time  long  antecedent  to  human 
history,  or  to  any  evidence  of  human  existence ;  and  yet,  in 
relation  to  the  whole  known  period  of  lilfe-phenomena  upon 
this  planet,  to  have  been  a  comparatively  recent  result  of 
geological  forces  determining  the  present  configuration  and 
position  of  continents.  Hereby,  paheontology  throws  light 
upon  a  most  interesting  branch  of  geographical  science,  that, 
\a2.,  w^hich  relates  to  former  configumtions  of  the  earth's 
surface,  and  to  other  disi)ositions  of  land  and  sea  than  prevail 
at  the  present  day. 

Palaeontology  shews  that  climate  has  changed  in  the  same 
latitude  from  warm  to  cold  and  from  cold  to  warm,  in  a  degree 
greater  than  any  recorded  in  human  histoiy,  and  thus  supplies 
meteorology  with  a  most  interesting  though  obscure  pioblem 
in  regard  to  the  physical  conditions  of  such  alternations. 

Finally,  palaeontology  has  yielded  most  important  facts  in 
the  highest  range  of  knowledge  to  which  the  human  intellect 
aspires.  It  teaches  that  the  globe  allotted  to  man  has  revolved 
in  its  orbit  through  a  period  of  time  so  vast,  that  the  mind, 
in  the  endeavour  to  realize  it,  is  strained  by  an  effort  like 
that  by  which  it  strives  to  conceive  the  space  dividing  the 
solar  system  from  the  most  distant  nebuhe. 
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Palteontology  has  shewn  that,  from  the  iucouceivably 
remote  period  of  the  deposition  of  the  Cambrian  I'ocks,  the 
earth  has  been  vivified  by  the  sun's  light  and  heat,  has  been 
fertilized  by  refreshing  showers,  and  washed  by  tidal  waves  ; 
that  the  ocean  not  only  moved  in  orderly  oscillations  regu- 
lated, as  now,  by  sun  and  moon,  but  was  rippled  and  agitated 
by  winds  and  storms ;  that  the  atmosphere,  besides  these 
movements,  was  healthily  influenced  by  clouds  and  vapours, 
rising,  condensing,  and  falling  in  ceaseless  circulation.  With 
such  conditions  of  life,  palaeontology  demonstrates  that  life 
has  been  enjoyed  during  the  same  countless  thousands  of 
years  ;  and  that  with  life,  from  the  beginning,  there  has  been 
death.  The  earliest  testimony  of  the  living  thing,  whether 
coral,  crust,  or  shell,  in  the  oldest  fossiliferous  rock,  is  at  the 
same  time  proof  that  it  died.  At  no  period  does  it  appear 
that  the  gift  of  life  has  been  monopolized  by  contemporary 
individuals  through  a  stagnant  sameness  of  untold  time,  but 
it  has  been  handed  down  from  generation  to  generation,  and 
successively  enjoyed  by  the  countless  thousands  that  consti- 
tute the  species.  Palaeontology  further  teaches,  that  not  only 
the  individual,  but  the  species  perishes  ;  that  as  death  is 
balanced  by  generation,  so  extinction  has  been  concomitant 
with  the  creative  power  which  has  produced  a  succession  of 
species ;  and  furthermore,,  that,  in  this  succession,  there  has 
been  "an  advance  and  progress  in  the  main."  Thus  we  learn 
that  the  creative  force  has  not  deserted  the  earth  during  any 
of  the  epochs  of  geological  time  that  have  succeeded  to  the 
first  manifestation  of  such  force ;  and  that,  in  respect  to  no 
one  class  of  animals,  has  the  operation  of  creative  force  been 
limited  to  one  geological  epoch  ;  and  perhaps  the  most  im- 
portant and  significant  result  of  pakeontological  research  has 
been  the  establishment  of  the  axiom  of  the  continuous 
operation  of  the  ordained  l)ecoming  f>f  the  species  of  living 
things. 


4  PALEONTOLOGY. 

Tlie  present  sun^ey  of  the  evidences  of  organic  beings  in 
the  earth's  crust  commences  with  the  lowest  or  most  simple 
fonns,  and  will  treat  chiefly  of  the  remains  of  the  animal 
kingdom. 

A  reference  to  the  subjoined  "  Table  of  Strata"  (fig.  1)  will 
indicate  the  relative  position  and  age  of  the  geological  forma- 
tions cited,  in  connection  with  their  characteristic  fossils. 

Organisms,  or  living  things,  are  those  which  possess  such 
an  internal  cellular  or  cellulo-vasciUar  structure  as  can  receive 
fluid  matter  from  without,  alter  its  nature,  and  add  it  to  the 
alterative  structure.  Such  fluid  matter  is  called  "  nutritive," 
and  the  actions  which  make  it  so  are  called  "assimilation" 
and  "  intus-susception."  These  actions  are  classed  as  "  vital,'' 
because,  as  long  as  they  are  continued,  the  '* organism"  is  said 
"  to  live." 

When  the  organism  can  also  move,  wdien  it  receives  the 
nutritive  matter  by  a  mouth,  retains  oxygen  and  exhales 
carbonic  acid  in  respiration,  and  has  for  the  principcd  tissues 
quaternary  compounds  of  carbon,  hydrogen,  oxygen  and 
nitrogen,  it  is  called  an  "animal."  When  the  oi'ganism  is 
rooted,  has  neither  mouth  nor  stomach,  retains  carbon  in 
respiration  and  exhales  oxygen,  and  has  for  the  chief  tissues 
binary  or  teruar}'  compounds,  it  is  called  a  "plant"  But 
the  two  realms  of  Nature  called  "plants"  and  "animals"  are 
specialized  members  of  the  one  greater  group  of  living  things ; 
and  there  are  numerous  organisms,  mostly  of  minute  size  and 
retaining  the  form  of  nucleated  cells,  which  manifest  the 
common  organic  characters,  without  the  superadditions  of 
truly  distinctive  plants  or  animals.  Such  organisms  are 
called  "  Acrita,"*  and  include  the  Amorphozoa  or  sponges,  the 
Rhizojwda,  or  foraminifers,  the  PohjcystinccTy  the  Diafomac€^\ 

*  Or.  a,  exprcssiug  want  or  absence;  krino,  to  separate  ;  wguifying  ft  want 
of  flifitibction  or  differentiation  of  tissneR  and  organs.  The  group  has  sinre 
been  called  "  Protozoa,"  Gr.  protos,  first ;  zo^,  life  or  living  thing. 
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Dcsynidio',  Grefjarina\  and  most  of  the  Puhjuastria  of  Ehien- 
l>erg,  or  infusorial  animalcules  of  older  {luthors. 


AC  RITA     OR     rROTOZOA. 

Class  I. — Amorphozoa.* 

Fossil  sponges  take  an  important  place  among  the  organic 
remains  of  the  former  world ;  less  on  account  of  their  great 
variety  of  form  and  structure,  than  because  of  the  extraordi- 
nary abundance  of  individuals  in  certain  strata.  In  England 
they  specially  characterize  the  chalk  formation  :  extensive 
beds  of  silicified  sponges  occur  in  the  upper  greensand, 
and  in  some  of  the  oolitic  and  carboniferous  limestones. 
In  Germany  a  member  of  the  upper  oolite  is  called  the 
'*  si)ongitenkalk/'  from  its  numerous  fossils  of  the  present 
clc'iss. 

Existing  sponges  are  divided  into  horny,  flinty,  and  limy, 
or  "  ceratose,''  '*  silicions,"  and  "  calcareous,"  according  to  the 
substance  of  their  hard  sustaining  parts,  which  parts  are 
commonly  in  the  shape  of  fine  needles,  or  "  spicula,"  of  very 
varied  forms,  but  in  many  species  of  sufficient  constancy  to 
characterize  such  species.  The  soft  organic  substance  called 
"  sarcode"  appeai-s  to  be  structureless,  and  is  diffluent ;  it  is 
uncontractile  and  impassive,  but  consists  of  an  aggregate  of 
more  or  less  radiated  corpuscles,  in  some  of  which  the  trace 
of  a  nucleus  may  be  discerned.  The  lai-ger  orifices  on  the 
surface  of  a  sponge  are  termed  "  oscula,"  and  are  those  out  of 
which  the  currents  of  water  flow :  these  enter  by  more  nume- 
rous and  minute  "  pores." 

The  calcareous  sponges  abound  in  the  oolitic  and  creta- 
ceous strata,  attaining  their  maximum  of  development  in  the 
chalk;  they  are  now  almost  extinct,  or  are  represented  by 

•  (ir.  a,  without ;  morpht,  fonn ;  zoe^  life. 
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other  families  witli  calcareous  spiciiln.  The  horny  sjwiigt's 
appear  to  be  more  abundant  now  than  in  the  ancient  seas,  but 
their  remains  are  only  recognisable  in  those  instances  wliere 
they  were  charged  with  silicious  spicula. 

M.  d'Orbigny  enumerates  36  genera  and  ■t27  species  of 
fossil  sponges;  and  this  is  probably  only  a  small  proportion 
of  the  actual  number  in  museums,  as  the  difficulty  of  deter- 
mining the  limits  of  the  species  ia  very  great,  and  many 
remain  un described. 

Po.lfEospongia  and  A  roTithospoTigia  occur  in  the  lowei'  Silu- 


.  Sj^Uo 


A  morftkiaoa  i  Rkizopoda. 
is  prrifornilK,  (iuldf. :  Greeiua«d,  BJackJov 


liuctturdiaThiolali,  D'Artb.  ;   V.  Chalk,  BiiimlK. 

3.  Vciitriciililes  radiatUH,  Mant.  ;    U.  Ck/ilt.  SuBNex. 

4,  !trAnon  oectiliferum,  rhil. ;   U.  Chalk,  YorkHhire. 

j.  t'lisulina  cjlindricB,  Fisch. :    Carboniferou),  Busiia. 

6.  Flabellina  rugowi.  D'Orb, ;  rhalk,  Europe, 

7.  I.ituula  nantikilclea,  Lam. ;  Clialk,  Europe. 

8.  N'limmulites  nuiDiunlaria,  Drug. ;  Eocene,  UliI  ^VorU. 

9.  OrbiluidcB  media,  D'ArcU. ;   U.  Chalk.  Krancp. 
to.  <>vii1itP)i  iDsrgaritiiEa,  Taiii.  ;    CAdfi,  Europe. 


riau  ;  and  Stromaiopora,  with  its  concentrically  laminated 
masses,  attains  a  large  size  in  the  Wenlock  limestone.  Ste- 
i/nntKlu-Jyum,  Sparsi»jiovgia,  and  sjiecins  "f  Sci/}>M<i,  are  found 
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ill  the  Devonian,  and  Bothroconis  MaviillojJoray  and  Tragos, 
in  the  Permian  or  magnesian,  limestone.  Several  genera  are 
common  to  the  trias  and  oolites,  and  seveml  more  are  peculiar 
to  the  latter  strata,  Tlie  Oxfordian  sponges  belong  chiefly  to 
the  genera  Eudea^  Hijypalimus^  Cinbrisponguiy  Sfellispmigia^ 
and  Cupul'ispongm,  Their  fibrous  skeleton  appears  to  have 
been  entirely  calcareous,  and  often  very  solid;  their  form  is 
cup-shaped,  or  mammillated,  or  incrusting,  and  many  have  a 
sieve-like  appearance,  from  the  regular  distribution  of  the 
excurrent  orifices  over  their  surface. 

The  greensand  of  Faringdon  in  Berkshire  is  a  stratum 
prolific  in  sponges,  chiefly  cup-shaped  and  calcareous,  of  the 
genera  Sci/j^hia  and  Chenendoimra ;  or  mammillated,  like 
Cnemidium  and  Vertidllopora,  The  Kentish  rag  is  full  of 
sponges,  which  are  most  apparent  on  the  water-worn  sides  of 
fissures.  Some  beds  are  so  full  of  silicious  spicula  as  to  irritate 
the  hands  of  the  quarrymen  working  those  beds.  The  green- 
sand  of  Blackdown  is  famous  for  the  number  and  perfect 
preservation  of  its  pear-shaped  Siphoniw  (fig.  2,  i) ;  whilst 
those  of  Warminster  are  ornamented  with  three  or  more  lobes. 
The  latter  locality  is  the  richest  in  England  for  large  cup- 
shaped  and  branching  sponges  {Polypothccia),  which  are  all 
silicified:  the  long  stems  of  these  sponges  have  been  mistaken 
for  bones.  The  sponges,  cliiefly  Si}}hjoiiia\  of  the  uj)per  green- 
sand  of  Farnham  are  infiltrated  with  phosphate  of  lime,  and 
have  been  iised  in  agriculture. 

The  sponges  of  the  chalk  belong  to  several  distinct  families. 
Choanites  resembles  the  Siphonia^  but  is  sessile,  and  exhibits 
in  section,  or  in  weathered  specimens,  a  spiral  tube  winding 
round  the  central  cavity.  It  is  the  couunonest  sponge  in  the 
Brighton  brooch-pebbles.  Others  are  irregularly  cup-shaped 
and  calcareous  :  and  manv  of  the  Wiltshire  flints  have  a 
nucleus  of  branching  sponge  {S.  clavellatd).  The  chalk  flints, 
arranged  in  regular  la}'ers,  or  built  up  in  cohimns  of  "  Para- 
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moudrde,"  all  contain  traces  of  sponge  structure,  and  their 
origin  is  in  some  measure  connected  with  the  periodic  growth  ■ 
of  large  crops  of  sponges.      Frequently  the  crust  or  outer 
surface  only  of  the  sponge  has  been  silicified,  while  the  centre 
has  decayed,  leaving  a  botryoidal  or  stalactitic  cavity.     The 
cup-shaped  sjwnges  are  almost  always  more  or  less  enveloped 
with  flint,  which  invests  the  stem  and  lines  the  interior,  leaving 
the  rim  exposed.     The  sponges  of  the  Yorkshire  chalk  are  of 
a   different   chai-acter:   some  are   elongated  and   radiciform, 
others  horizontally  expanded,  but  they  contain  comparatively 
little  silica ;    while   those   belonging  to   the  genus   Manoii 
(fig.  2, 4  ),  having  prominent  **  oscula,"  are  superficially  silici- 
fied, and  will  bear  immersion  and  cleaning  with  hydrochloric 
acid.     The  largest  group  of  chalk  sponges,  typified  by  Ventri- 
culites (fig.  2, 3),  have  the  form  of  a  cup  or  funnel,  slender  or 
expanded,  or  folded  into  star-like  shape  {Guettardia^  fig.  2, 1), 
with  i^rocesses  from  the  angles  to  give  them  firmer  attach- 
ment     Some  have   a  tortuous  or  labyrinthic  outline,  and 
others  ace  branched  or  compound,  like  Brachiolites,     Curious 
sections  of  these  may  be  obtained  from  specimens  enveloped 
with  flint  or  pyrites.     The  burrowing  sponge,  Cliona,  is  com- 
monly found  in  shells  of  the  tertiaries  and  chalk.    The  great 
cretaceous  Exogyrce  of  the  United  States  are  frequently  mined 
by  them:    and  flint  casts  of  Belemnites  and  Inoceraini  are 
often  covered  by  their  ramifying  ceUs  and  fibres.     Thin  sec- 
tions of  chalk  flints,  when  polished  and  examined  with  the 
microscope,  sometimes  exhibit  minute  spherical  bodies  {Spini- 
feriUs)  covered  with  radiating  and  multicuspid  spines.    From 
their  close   resemblance  to  the  little  fresh-water  organism 
XaTUhidiuMy  they  long  bore  that  name ;  but  they  are  certainly 
marine  bodies,  and  probably  the  spores  of  sponges. 

Tlie  generic  forms  of  sponge  augment  in  number  and 
variety  from  the  silurian  to  the  cretaceous  beds,  where  the 
increase  is  rapid.     But  all  those,  like  Siphoniay  Sparsij^m^fia, 
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Amm'phoqmiKjid,  Avhicli  have  a  stony  reticulate  frame,  without 
spicuhe,  and  are  grouped  togetlier  as  PetrosiKmyiada',  passed 
away  with  tlie  secondary  epoch,  and  tlie  family  has  no  repre- 
sentatives in  tertiary  deposits  or  existing  seas. 

Class  II. — Khizopoda.* 

The  organisms  of  tliis  class  are  small  and  for  the  most 
part  of  microscopic  minuteness,  of  a  simple  gelatinous 
structure,  commonly  protected  by  a  sliell.  The  most  sinij)le 
rhizopods,  called  Amcehciy  present  a  globular  form  when 
contracted,  but  can  extend  portions  of  their  substance  (*'sar- 
code")  like  roots,  and  use  tliem  to  draw  along  the  rest 
of  the  mass,  like  the  feet  or  tentacles  of  polyps,  whence 
the  name  of  the  class.  These  root-like  processes  can  also 
attach  themselves  to  foreign  particles,  and  draw  them  into 
the  "sarcode,"  where  the  soluble  organic  part,  so  "intus-sus- 
cepted,"may  be  assimilated,  the  insoluble  part  being  extruded. 
A  solid  hyaline  coi*puscle  or  nucleus  is  commonly  discernible 
in  the  interior  of  the  Amcuha^  sometimes  accompanied  by  one 
or  more  clear  contractile  vesicles.  When  the  productions  of 
the  sarcode  are  numerous,  filiform,  and  seemingly  constant, 
radiating  from  all  parts  of  the  body,  the  rhizopod  presents  the 
chsLvacteYS  of  A dv/wjihri/s.  When  the  tentacles  are  produced 
from  only  one  extremity  of  the  body  we  have  the  genus 
Pmnphagu^,  Wlien  such  a  rhizopod  is  enclosed  in  a  mem- 
branous sac  it  is  a  Difflugia;  if  the  sac  be  discoid  wath  a  slit 
on  the  flat  surface  for  the  protrusion  of  the  tentacles,  it  is  an 
Arcclla.  In  other  rhizopods  the  sac  is  calcified,  or  becomes  a 
"shell,''  which  is  sometimes  simple,  but  usually  consists  of  an 
aggregate  of  chambei's,  inter-communicating  b)^  minute  aper- 
tures, w^hence  the  name  Foraminifera  given  to  the  testaceous 
rhizopods.     These  chambei^  gi*ow  by  successive  gemmation 

•  Gr,  rhiza,  root ;  pons,  foot. 
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f  11)111  a  primordial  segment,  sometimes  in  a  straight  line,  more 
commonly  in  a  spiral  curve ;  and  each  segment  so  developed 
has  its  own  shelly  envelope.  As,  however,  they  are  organically 
connected,  tlie  whole  seems  to  form  a  "  chambered  "  or  "  poly- 
tlialamous "  shell.  The  last-formed  segment  is  usually 
ilistinguished  by  the  very  long;  slender,  pellucid,  colourless, 
contractile  filaments  which  have  suggested  the  name  "  Khizo- 
pods  "  for  the  class.  But,  in  the  Foraminifera,  both  the  outer 
wall  and  the  septa  of  the  compound  shell  are  perforated  by 
minute  apertures,  through  which  either  connecting  or  pro- 
jecting filaments  of  the  soft  organic  tissue  can  pass.  The 
several  segments  or  jelly-filled  chambers  are  essentially 
repetitions  of  each  other;  and  there  is  no  proof  that  the  inner 
and  earlier  segments  derive  their  nourishment  from  the  outer 
and  last-formed  one.  A  foraminifer  may  therefore  be  regarded 
either  as  a  series  of  individuals,  organically  united,  or  as  a 
single  aggregate  being,  compounded  according  to  the  law  of 
vegetative  repetition. 

The  minute  chambered  shells  of  Foraminifera  enter 
largely  into  the  composition  of  all  the  sedimentary  stratti, 
and  are  so  abundant  in  many  common  and  familiar  materials, 
like  the  chalk,  as  to  justify  the  expression  of  Buffon,  that  the 
very  dust  had  been  alive.  The  deep-sea  soundings  of  the 
Atlantic  Telegraph  Company,  and  those  since  taken  midwa)* 
between  Rockall  and  Cape  Farewell,  have  shewn  that  the  bed 
of  that  great  ocean,  at  a  depth  approaching,  or  even  exceeding, 
two  miles,  is  composed  of  little  else  than  the  calcareous  shells 
of  a  Glohi/jerina  and  a  few  other  Rhizopods,  with  the  silicious 
shields  of  the  allied  Polycystinece.  The  composition  of  the 
chalk  is  extremely  similar :  when  the  finer  portion,  amounting 
to  half  or  even  less,  has  been  washed  away,  the  remaining 
sediment  consists  almost  entirely  of  foraminated  shells,  some 
perfect,  others  in  various  stages  of  disintegration.  They  have 
also  been  found  in  other  marine  formations,  which  are  soft 
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enough  to  be  washed,  down  to  the  Lower  Silurian ;  and  in  tlie 
hard  limestones  and  marbles  they  can  be  detected  in  polished 
sections,  and  in  thin  slices  laid  on  glass.  The  greater  part  of 
these  shells  are  microscopic,  but  some  of  the  large  extinct 
foraminifers,  called,  from  resembling  a  piece  of  money,  **  Num- 
mulites,"  are  two  inches  in  diameter. 

The  generic  divisions  in  common  use  for  these  shells  are 
founded  upon  the  plan  of  growth,  or  mode  of  numerical 
increase  of  the  chambers.  The  following  are  the  primary 
groups  of  RMzopoda  in  the  system  of  d'Orbigny : — 

1.  Monostega. — Body  consisting  of  a  single  segment;  shell  of 

one  chamber. 

2.  Stichostega, — Body  composed  of  segments  disposed  in  a 

single    line :    shell    consisting  of    a  linear  series  of 
chambei-s. 

3.  Helicostega, — Body  consisting  of  a  spiral  series  of  segments : 

shell  made  up  of  a  number  of  convolutions. 

4.  Entomostcga, — Body  consisting  of  alternate  segments  spirally 

arranged :  shell  chambers  disposed  on  two  alternating 
axes  forming  a  spiral. 

5.  Eimllostega, — Body  composed  of  alternate  segments  not 

forming  a  spiral :  chambers  arranged  on  two  or  three 
axes  which  do  not  form  a  spiral. 

6.  Agathistega. — Body  consisting  of  segments  w^ound  round 

an  axis  :  chambers  aiTanged  in  a  similar  manner,  each 
investing  half  the  entire  circumference. 

A  somewhat  different  arrangement  has  been  adopted  by 
Schultze,  who  divides  the  Polythalamia  into  three  sections, 
viz. — 

I.  Helicoideay  including  those  forms  in  which  the  several 
chambers  of  the  shell  are  arranged  in  a  convolute 
series,  and  answering  to  the  last  foiu*  orders  of  d'Oi^ 
bigny. 
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2.  Shabdoidea,  in  which   they  are  placed  in  a  direct  line 

(Stichoslegay   d'Orb.) ;  and 

3.  Soroideay  where  they  are  disposed  in  an  irregular  manner 

(Acervulina). 

Lagena  is  a  genus  of  the  Monostega,  or  single-chambei*ed 
foraminifers,  with  a  flask-shaped  shell,  sometimes  presenting 
a  beautiful  fluted  exterior.  Entosolenia  is  like  a  Lagena^  with 
the  tubular  neck  inverted  into  the  cavity  of  the  shell. 

Among  the  many-chambered  foraminifers  the  modifica- 
tions of  form  seem  endless.  Nodosaria  resembles  a  cylin- 
drical beaded  rod :  Cristellaria  begins  by  being  spiral  and 
afterwards  becomes  straight :  most  species  are  wholly  spiral : 
in  some,  as  NummvliteSy  the  convolutions  are  on  the  same 
plane  :  in  many  the  spiral  turns  obliquely  round  an  axis,  and 
gives  the  shell  a  trochoid  form. 

Upwards  of  six  hundred  and  fifty-seven  fossil  species, 
belonging  to  seventy-three  genera,  have  been  described  :  they 
commence  in  the  palaeozoic  age,  increase  in  number  and 
variety  with  each  successive  stratum,  and  attain  their  maxi- 
mum in  the  present  seas.  Most  of  the  fossil  genera,  and 
even  some  of  the  species,  pass  through  many  formations ; 
indeed,  if  correctly  observed,  the  existing  forms  are  the  oldest 
knowTi  living  organisms.  Dentalina  communiSy  Orhitolites 
complancUuSy  Boscdina  italica,  and  Rotalina  globulom,  all  living 
species,  are  said  to  be  found  in  the  chalk ;  Rotalina  umbi- 
liccUa  ranges  to  the  gault ;  and  Wehbina  rugosa  is  common  to 
the  upper  lias,  the  chalk,  and  present  sea.  It  has,  however, 
been  observed,  that  fossil  Ehizopods,  set  free  by  the  disinte- 
gration of  rocks,  are  mingled  with  the  recent  shells  on  every 
beach ;  and  they  have  been  obtained  in  this  condition  from 
(Treat  depths  of  the  mid-channel. 

The  earliest  important  form  is  the  Fvsulina  (fig.  2,  5), 
which  forms  lavers  manv  inches,  or  even  feet  in  thickness  in 
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the  carl)Oiiifei'oiis  limestone  of  Eussiji.  The  recent  genera 
Dcntalina  and  TcjiuJaria  are  found  in  tlie  niagnesian  lime- 
stone ;  Xodosaria,  CrLstellaria,  and  Rot  alia,  in  the  lias.  Fla- 
hellina  (fig.  2,  6)  is  peculiar  to  the  chalk ;  Orhito'ldcs  (fig.  2,  9) 
to  the  chalk  and  tertiary  series ;  Ovulites  (fig.  2,  10)  is  peculiar 
to  the  eocene  and  Frondiculina  to  the  miocene  tertiaries; 
Ojycrculina,  OrhitoliteSy  and  Alvcoliaa  appear  first  in  the 
tertiary,  and  nve  still  living.  Lihcola  (fig.  2, 7)  occurs  in  the 
chalk  and  chalk  Hints,  and  some  si)ecies  with  chambei-s  filled 
by  a  chalky  porous  matter  have  been  referred  to  a  genus 
iSpirolin-a.  Many  of  the  cretaceous  foraminifers  contain  a 
brown  colouring  matter,  which  remains  after  the  shell  has 
been  dissolved  with  weak  acid,  and  has  been  regarded  as  the 
remains  of  the  organic  substance  which  once  filled  all  the 
cells. 

The  lower  eocene  beds  in  the  "  calcaire  grossier,"  which 
are  employed  at  Paris  as  a  building-stone,  contain  fora- 
minifers in  such  abundance  that  one  may  say  the  capital  of 
France  is  almost  constructed  of  those  minute  and  complex 
shells. 

But  it  is  in  the  middle  eocene,  or  "  nummulitic  period," 
that  the  Ehizopods  attained  their  greatest  size,  and  played 
their  most  important  pait.  Wherever  limestones  or  calcare- 
ous sands  of  this  period  are  met  with,  these  coin-shaped  shells 
abound,  and  literally  form  strata  which  in  the  aggregate 
become  mountain  masses.  The  "  nummulitic  limestones  are 
found  in  Southern  Europe,  in  Nortliern  Africa,  and  in  India : 
they  also  occur  in  Jamaica.  The  commonest  form  is  the 
true  Niimmulite  (fig.  2,  8),  which  occurs  in  the  building-stone 
of  the  Great  Pyramid.  The  Nummtdites  were  evidently 
sedentary  organisms ;  and  in  the  large  thin  species,  one  side 
is  moulded  to  the  inequalities  of  the  sea-bed  on  which  it 
grew. 

Pnlyr.ipfimff'.—T\\Q  tertiary  marls  of  Barbadoes  afforded 
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to  Ehrenbei-g  an  extensive  series  of  novel  and  extraordinaiy 
microscopic  organisms,  composed  of  silica,  but  foraminated 
like  the  shells  of  the  Ehizopods.  The  same  forms,  and  others 
similar  to  them,  have  been  met  with  in  the  deep-sea  mud  of 
the  Gulf  of  the  Erebus  and  Terror,  and  more  recently  in  the 
mud  of  the  North  Atlantic  soundings.  They  are  quite  dis- 
tinct in  form  and  character  from  most  of  the  silicious-shielded 
Diaiomacecc^  but  some  of  thejn  resemble  the  Cosdnodiscus  and 
Actinocydus,  No  less  than  282  forms,  grouped  in  44?  provi- 
sional genera,  have  been  described. 


Class  III. — Infusokia.* 

{Polygastriay  Ehrenberg.) 

Numerous  genera  and  multitudes  of  so-called  species  of 
free  and  locomotive  microscopic  organisms,  which,  because 
they  do  not  present  the  distinctive  charactei-s  of  plants  or 
animals,  have  been  by  turns  referred  to  one  or  other  kingdom, 
possess  shells  of  flint,  and  consequently  enter  largely  into  the 
domain  of  fossil  evidences  of  former  life.  The  silicious  shells 
of  Infusoria,  though  not  chambered  or  foraminated,  present 
under  the  microscope  definite  and  beautiful  characters  of 
form  and  sculpture,  as  recognisable  and  distinctive  as  those 
of  the  calcareous  shells  of  Mollusca.  TTie  plates  of  the  incom- 
parable works  and  memoirs  of  Ehrenberg  abound  with  exact 
figures  of  the  delicate  sheaths,  shells,  and  shields  of  the  lori- 
cated  Infusoria  of  past  and  present  seras  of  life,  the  deposits 
of  which,  by  reason  of  their  pure,  flinty,  atomic  constitution, 
were  known  in  the  arts  long  before  science  had  detected  their 
nature  and  vital  origin.  In  1836  portions  of  the  stone  called 
"tripoli"  or  "  i)olierschiefer"  (polishing- slate   of  lapidaries) 

*  These  animalculeR  are  readily  obtained  from  iiifusionH  of  organic  matters 
in  water. 
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were  microscoi)ic{illy  examined  by  Ehreiiberg,  wlip  discovered 
it  to  be  wholly  composed  of  tlie  silicious  shells  of  Infusoria, 
and  chiefly  of  an  extinct  si)ecies  called  Gaillondla  dktans.  At 
Bilin,  in  Bohemia,  there  is  a  single  stmtum  of  polierschiefer, 
not  less  than  fourteen  feet  thick,  forming  the  upper  layer  of  a 
hill,  in  every  cubic  inch  of  which  there  are  foi-ty-one  thousand 
millions  of  the  above-named  organic  unit.  This  mineral  like- 
wise contains  shells  of  Xuvicula,  Bacillaria,  Acfijwci/cluSy  and 
other  silicious  organisms.  The  lower  part  of  the  stratum  con- 
sists of  the  shells  compacted  together  without  any  visible 
cement ;  in  the  upper  masses  the  shells  are  cemented  together, 
and  filled  by  amorjihous  silicious  matter  fonned  out  of  dissolved 
shells.  At  Egea,  in  Bohemia,  there  is  a  statum  of  two  miles 
in  length,  and  averaging  twenty-eight  feet  in  thickness,  of 
which  the  uppermost  ten  feet  are  comi)osed  wholly  of  the 
sicilious  shells  of  Infusoria,  including  the  beautiful  Campy lo- 
discios;  the  remaining  eighteen  feet  consist  of  the  shells  mixed 
with  a  pulverulent  substance.  Corresponding  deposits  of  the 
silicious  cases  of  Infusoria  have  since  been  discovered  in 
many  other  parts  of  the  world,  some  including  fresh-water 
species,  others  marine  species  of  Infusoria. 

The  conditions  of  such  depositions  will  be  readily  under- 
stood by  examining  the  sedimentary  deposits  of  bogs  and  of 
stagnant  or  slow-flowing  sheets  of  water.  In  warm  latitudes 
and  seasons,  such  w^ater  sw^arms  w^ith  infusorial  life,  and  the 
indestructible  cases  of  the  loricated  kinds  are  found  in  great 
quantities  in  the  sedimentary  deposits.  Beneath  peat  bogs 
they  have  been  found  to  form  strata  of  many  feet  in  thickness, 
and  co-extensive  with  the  turbary,  forming  a  silicious  marl  of 
pure  whiteness.  A  quantity  of  pulverulent  matter  is  deposited 
upon  the  shores  of  the  lake  near  Uranea,  in  Sweden,  which, 
from  its  extreme  fineness,  resembles  flour  :  this  has  long  been 
known  to  the  poorer  inhabitants  under  the  name  of  "  bei-g- 
mehl,'*  or  mountain-meal,  and  is  used  by  thenK  mixed  up  with 
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floor  as  an  article  of  food.  It  consists  in  great  part  of  silicious 
shells  of  Infusoria,  with  a  little  organic  matter.  With  regard 
to  the  source  of  fossil  infusorial  remains  in  sea-water,  the  fol- 
lowing evidence  is  given  in  the  United  States  Const  Survey^ 
1856:— 

Soundings  of  the  gulf-stream  near  Key  SiscajTie,  Florida, 
varying  in  depths  from  147  fathoms  to  205  fathoms,  give  a 
light  greenish-grey  mud  composed  chiefly  of  Foraminifers, 
Diatoms,  Polycystins,  and  Geolites,  in  a  profusion  only  sur- 
passed by  the  fossil  polycystinous  strata  of  Barbadoes.  The 
foraminifers  compose  the  largest  part  of  these  muds,  including 
Textvlaria  Amtricanay  MargtmUa  Bachsi,  and  other  forms, 
particularly  many  species  of  the  PlicatUia  of  Ehrenberg, 
which  had  been  supposed  to  live  only  in  shallower  haunts. 
The  silicious  sheUs  of  Diatoms  aboimd  in  the  residue,  after 
the  calcareous  foraminifers  have  been  dissolved  by  acid.  The 
inoiganic  portion  of  the  soundings  is  chiefly  quartz  sand,  and 
its  proportion  is  quite  smalL 

Such  manifestations  of  life,  with  its  mineral  i-esults,  have 
been  detected  from  the  earliest  sedimentary  deposits  to  the 
present  time  ;  but  as  regards  the  Infusoria,  they  are  given  on 
the  grandest  scale  in  formations  of  the  tertiary  age.  The 
town  of  Bichmond,  in  Virginia,  United  States,  is  built  on 
barren  silicious  strata  of  marine  origin  and  tertiary  age.  The 
strata  are  twenty  feet  in  thickness,  composed  chiefly  of  infu- 
sorial flint-sheUs,  including  the  well-known  and  beautiful 
microscopic  objects,  Adinocydus  and  Coscinodisaus, 

Most  of  the  infusorial  formations,  as  the  polishing-slates 
at  Cassel,  Planitz,  and  Biliu,  are  astounding  monuments  of 
the  operation  of  microscopic  organisms  at  former  periods  of 
the  histoiy  of  tliis  planet.  The  minute  size,  elementary  struc- 
ture, tenacity  of  life,  and  marvellous  reproductive  x>ower  of 
the  Infusoria  have  enabled  them  to  survive  as  species  those 
changes  which  have  extemiinated  contemporaneous   higher 

c 
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orgauisms.  Species  of  Bacillaria  still  exist  wliich  were  iu 
l)eing  at  the  period  of  the  deposition  of  the  chalk.  Existing 
species  of  Diatcytnacece  have  been  detected  as  low  down  as  the 
oolite.  The  discovery  by  Ehrenberg  of  more  than  twenty 
species  of  silicious-shelled  Infusoria  fossil,  in  the  chalk  and 
chalk-marls,  which  are  identical  in  species  with  some  now 
living  in  the  bed  of  the  Baltic,  is  an  instnictive  addition  to 
the  obscure  history  of  the  introduction  of  species  of  living 
things  in  this  planet,  and  must  add  greatly  to  the  interest  of 
the  infusorial  class  in  the  eyes  of  the  geologist  and  philosopher. 
"  For  these  organisms,"  writes  Ehrenberg,  "  constitute  a  chain 
which,  though  in  the  individual  link  it  be  microscopic,  yet  in 
the  mass  is  a  mighty  one,  connecting  the  life  phenomena  of 
distant  ages  of  the  earth,  and  proving  that  the  dawn  of  the 
organic  nature  co-existent  with  us  readies  further  back  in 
the  history  of  the  earth  than  had  hitherto  been  suspected." 
"The  microscopic  organisms  are  veiy  inferior  in  individual 
energy  to  lions  and  elephants,  but  in  their  united  influences 
they  are  far  more  important  than  all  these  animals." 

If  it  be  ever  permitted  to  man  to  penetrate  the  mystery 
which  enshrouds  the  origin  of  organic  force  in  the  wide-spread 
mud-beds  of  fresh  and  salt  waters,  it  will  be,  most  probably, 
by  experiment  and  observation  on  the  atoms  which  manifest 
the  simplest  conditions  of  life. 


ANIMALIA. 

INVEKTEBRATA. 

Eemains  of  invertebrate  animals  occur  in  strata  of  every 
age,  from  the  partially  metamorphic  and  crystalline  rocks  of 
the  Cambrian  system  to  the  deposits  formed  by  the  floods  of 
last  winter,  and  the  tides  of  yesterday.  They  are  found  in 
every  country,  from  the  highest  latitude  attained  by  Arctic 


INVERTEBRATA.  19 

voyagers  to  the  extremities  of  the  southern  continents,  and  at 
the  greatest  elevation  hitherto  climbed  in  the  Andes  or  Hima- 
layas. If  some  classes — e,g^  Tunicata,  Acalephce — seem  not  to 
be  represented  in  stratified  deposits,  they  are  such  as,  from 
the  soluble  or  perishable  tissues  composing  the  entire  frame, 
at  least  under  one  of  their  metagnetic  phases,  could  not  be 
expected  to  be  fossilized  under  any  conceivable  circumstances. 
Evidence,  however,  of  compound  Hydrozoa — i.  e^  of  the 
polypes  which  Ellis  called  *'*  CoraUiues" — and  especially  of 
the  genus  Campanvlaria,  would  shew  that  the  acalephal  type 
and  grade  of  organization  had  been  manifested  at  the  period 
of  the  formation  of  the  strata  containing  such  fossil  PolypL* 
With  the  above  seeming  exceptions,  every  class  of  inverte- 
brate animal  is  represented  by  fossil  remains. 

They  consist  of  corals  and  shells,  of  the  crusts  of  star- 
fishes and  sea-urchins,  of  the  coverings  of  crabs  and  insects, 
of  the  tracks  and  shelly  habitations  of  worms,  and  of  impres- 
sions of  surfaces  and  casts  of  cavities  of  soft  invertebrates, 
retained  by  the  matrix  after  the  animals  had  perished. 

The  condition  in  which  such  fossils  occur  depends  on  the 
nature  of  the  matrix  and  other  accidental  circumstances  ;  for 
while  some  are  scarcely  altered  in  composition,  or  even  in 
colour,  others  are  silicified  or  infiltrated  with  carbonate  of 
lime,  and  every  part  of  the  original  may  have  been  dissolved 
away  and  replaced  by  another  mineral  substance,  atom  after 
atom,  in  the  rock  which  contained  it.  These  evidences  of 
former  life  may  come  into  view  by  fracture  of  the  rock  or 
by  exposure  to  the  weather ;  farther  insight  maybe  gained  by 
the  action  of  acid ;  and  some  require  the  chisel  of  the  mason 
or  the  mill  of  the  lapidary  for  the  proper  exhibition  of  their 
structure. 

Multitudes  of  recent  species  are  fossilized  in  the  newer 
tertlaries  whose  history  can  be  made  out  perfectly  from  living 

•  Owen,  "Lectures  on  Invcrtebrata,"  1855,  p.  159. 
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specimens  ;  but  the  number  of  these  diminishes  gradually  in 
each  older  stratum,  while  the  proportion  of  extinct  foims  is 
ever  on  the  increase.  No  living  species  more  highly  organized 
than  a  Rhizopod  is  found  in  the  secondary  rocks.  Recent 
geiiera  extend  further  back  in  time  ;  indeed  a  few  may  be 
recognised  in  strata  of  palaeozoic  age,  shedding  a  light  on  the 
j)robable  affinities  and  conditions  of  their  associates.  Many 
of  the  smaller  gi^oiips  of  genera,  called  families,  disappear  in 
the  secondary,  and  still  more  in  the  paltjeozoic  period,  and  are 
to  a  limited  extent  replaced  by  groups  which  no  longer  exist. 
But  as  to  the  larger  gi'oups  of  acrite  organisms  and  of  inveile- 
bmte  animals,  it  may  be  affirmed  that  every  known  fossil 
belongs  to  some  one  or  other  of  the  existing  classes  ;  and  that 
the  organic  remains  of  the  most  ancient  fossiliferous  strata  do 
not  indicate  or  suggest  that  any  earlier  and  diflerent  group  of 
beings  remains  to  be  discovered,  or  has  been  irretrievably  lost, 
in  the  universal  metamorphism  of  the  oldest  rocks. 


Province  I.— RADTATA.* 

Suh-Pmvitice  POLYPI. 

A  pol}^e  is  a  small  soft-bodied  aquatic  animal  which 
generally  presents  a  cylindrical  oval  or  oblong  body,  with 
an  aperture  at  one  of  its  extremities  surrounded  by  a  crown 
of  radiating  filaments  or  "  tentacles."  This  aperture  leads  to 
the  digestive  cavity,  which,  in  most  Polypes,  is  without  intes- 
tine or  vent.  A  very  large  proportion  of  these  animals  has 
organs  of  support  called  "polyparies"  or  corals,  of  various 
form  and  substance,  but  for  the  most  part  consisting  of  car- 
bonate of  lime ;  and,  as  a  general  rule,  locomotion  is  lost  with 

*  For  the  characteristic  organization  of  the  provinces,  classes,  orders,  and 
families  of  Inrertehrata,  reference  mav  be  made  to  the  writer's  "  Lcctiireft  on 
Inverlebrata,"  8vo,  Longmans,  1855. 
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the  development  of  the  poljrpaty,  which  usually  attaches  the 
polype  to  some  foreign  body.  The  organization  of  the  soft 
tissues  is  in  general  simple ;  the  facultiea  of  the  Polypes  are 
very  limited ;  and  the  vital  phenomena,  save  those  of  irrita- 
bility and  contractility,  are  inconspicuous.  Nevertheless,  the 
influence  of  the  combined  powers  of  some  of  the  species,  in 
adding  to  and  modifying  the  crust  of  the  earth,  is  neither 
slight  nor  of  limited  extent. 

Class  L— HYDROZOA.' 

Char. — Polypary,  when  present,  flexible,  external;  for  the 
most  part  developing  cells  for  the  pol3rpes  according  to 
r^ular  patterns. 

Family  I. — GRAPTOLiTiDiE. 

To  this  class  may  probably  belong  the  organic  remains 
called  •*  Graptolites,"  which  are  exclusively  and  characteris- 
tically Silurian  fossils.  A  certain  knowledge  of  their  affinities 
would  require  examination  of  the  soft  parts ;  and  the  family 
has  long  been  extinct  Indications  of  the  flexible  consistenc>' 
of  the  polypary,  and  M.  Barrande's  statement  of  the  existence 
of  a  cylindrical  canal  in  its  axis,  which  he  conjectures  to  have 
contained  the  common  connecting  tissue  of  the  polypes,  have 
weighed  with  the  writer  in  placing  the  Graptolites  provision- 
ally in  the  present  class  of  Poljrpi.  The  axis  of  the  polypary  is 
sometimes  straight  (flg.  3, 3),  sometimes  spiral  (fig.  3, 6).  The 
ordinary  form,  as  given  by  the  Graptolites  priodon  (fig.  3, 3), 
is  serrated  on  one  side  only,  and  is  found  abundantly  in  the 
Cambrian  or  older  Silurian  beds  of  Scotland  and  Wales ;  it 
occui-s  also  in  the  Ludlow  rocks.  The  double  Graptolites 
(JHplograpsus  fig.  3, 5,  and  Didymograpsus  fig.  3, 4)  are  Cam- 
brian forms.     Rastrites  (fig.  3, 6)  had  the  polypes  only  in  one 

*  Op.  cit.  ed.  1843,  p.  82. 
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side,  and  tlicy  are  less  crawded:  it  characterises  Barrande's 
division  E  of  the  Lower  Silurian  beds  of  Bohemia,*  and 
occurs  in  the  Llandeilo  rocks  in  Britain.  The  Graptolites 
abound  in  argillaceoxis  strata,  especially  in  the  mud-stones  of 
Wales  in  CumberiaDd,  and  in  the  alum-slates  of  Sweden. 


Hydra. 


n  ;  A  nthoxoa  ;  Bryoeoa. 


I.  Protovir^olaria  dicholonia,  M'C, ;  Silurian,  DuinfrieB, 

I.  Oldbamia  antiqaa,  Forbee  ;  Cambrian,  Wieklow. 

3.  GriLpkiUlCB  priraloD,  Brun. ;  •SUuriim,  Britain. 

4-  nidjinograpsuR  Murchiaoni,  Beck  ;  L,  Silurian,  Wsleii. 

5.  DiplogTapauB  Tolium,  HU. ;  L.  Silurimt,  Britain. 

6.  Rantriles  peregrinni,  Barr  ;  Silurian,  Bohemia. 

7.  Ctcniten  juniperinus.  Eichw. ;   U,  Silurian,  Dudley. 

8.  Plilodlctf  >  lanceolata,  Ijonsd. ;  U.  Silurian,  Tortvorth. 

9.  Archimediporn  Archimedea,  Tjesuer. ;  Carboni/erout,  Keiitncky. 

10.  Plilopora  plumn,  M'C;   Carboniferout,  Ireland. 

11.  Fonestrella  membrftnacea,  I'll. ;  Cortom/trotu,  Britain. 


These  beds  remind  one  of  the  mud  bottoms  in  which  the 
Vii^laria  and  other  long  and  slender  graptolitic  forms  of 
"  Pennatulidie"  flourish  in  foresHike  crowds.  The  primeval 
Graptolite  may  have  presented  a  more  generalized  polype 
structure  than  is  now  met  with  in  tlie  specially  differentiated 
Sertularians  and  sea-pens. 

•  ■'  Grnptoliles  de  Boh^me,"  8vo,  1860, 
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Inteiesting  from  a  like  high  antiquity  are  the  impressions 
on  the  Cambrian  slates  of  Wicklow,  resembling  specimens  of 
the  Sertvlaria  argentea,  and  which  are  referred  to  the  polype- 
genus  Oldhamia,  One  species  (fig.  3, 2)  presents  an  axis  with 
radiating  groups  of  branches  diverging  alternately  at  regular 
intervals  from  either  side.  The  original  flexibility  of  the 
compound  organism  is  shewn  by  the  confused  and  compressed 
state  in  which  the  whole  mass  is  sometimes  found,  and  from 
the  more  or  less  folded  state  of  the  little  fans.  Oldhamia 
may  be  **  bryozoal,''  but^  if  the  interpretation  of  the  parts 
springing  from  the  axils,  as  "  oviferous  capsules,"  be  correct,* 
the  genus  is  "  hydrozoaL" 


Class  II.— ANTHOZOA. 

In  this  class  of  Polypes  the  tentacles  are  hollow,  and,  in 
most,  with  pectinated  margins.  The  polypary  is  usually  in- 
ternal, and  forms  the  bodies  more  properly  called  "  corals " 
and  '*  madrepores." 

Great  doubt  attaches  to  some  of  the  fossils  referred  to  this 
class  of  PolypL  The  terms  "Gorgonia"  and  "Alcyonium" 
have  been  applied  to  objects  not  well  understood,  and  usually 
proving  to  be  Bryozoa  and  sponges.  The  Lower  Silurian 
fossil  called  Pyritcnema  consists  of  a  fasciculus  of  silicious 
fibres,  and  has  been  supposed  to  be  related  to  the  glass 
zoophyte  {Hyahnema),  The  miocene  deposits  of  Piedmont 
contain  a  species  of  the  Mediterranean  genus  GoralHum,  an 
AfUipcUhes,  and  an  Isis  (or  Isisinay  d'Orb.),  which  is  also 
found  in  Malta.  The  London  clay  contains  one  coral  (Oror 
phviaria),  referred  to  the  PenncUulidce,  and  two  Oorgonidce 
{Mopsea  and  Websterui).  This  is  the  earliest  authentic  evi- 
dence of  (he  family  of  existing  Anthozoa  characterised  by  a 

*  Kin&han,  Tranii.  of  the  R.  Irish  Acad.,  xxxiii.  p.  547. 


24  PAL.«ONTOLOGY. 

branched  calcareous  finn  or  flexible  axis,  covered  by  a  fleshy 
substance  strengthened  by  calcareous  spiculap,  and  serving  to 
lodge  the  polypes. 

The  lamelliferous  or  stony  corals,  in  which  the  polypes 
withdrew  into  calcareous  plaited  cells  on  the  surface  of  a 
calcareous  inflexible  axis,  are  (next  to  the  Testacea)  the  largest 
and  most  important  class  of  invertebrate  fossils.  They 
attained  a  great  development  in  the  earliest  seas,  and  were 
perhaps  more  widely  diffused  and  individually  abundant  in 
the  Silurian  age  than  at  any  subsequent  period.  *'Eeef- 
building"  corals  are  now  confined  to  warm  seas,  and  are 
wanting  even  on  great  tracts  of  tropical  coast.  The  Oculina 
is  the  only  large  coral  now  found  in  the  north.  But  in 
palaeozoic  times  the  representatives  of  the  modem  Astra?as 
and  Caryophyllias  extended  as  far  northward  as  Arctic 
voyagers  have  penetrated ;  and  at  a  much  later  period  they 
formed  reefs  of  considerable  thickness  and  extent  in  the  area 
of  the  coralline  oolite.  The  Silurian  limestone  of  Wenlock  Edge 
is  itself  a  coral-reef  thirty  miles  in  length ;  and  the  Plymouth 
limestone  and  carboniferous  limestone  have  frequently  the 
aspect  of  coral-banks  skirting  the  older  regions  of  Cambrian 
slate  and  Devonian  "killas.*^  The  structure  of  coral-banks 
may  be  studied  in  the  lofty  limestone  clifiFs  of  Cheddar,  and 
in  the  wave-worn  shores  of  Lough  Erne,  as  well  as  in  the  coral 
islands  of  the  southern  seas  upheaved  by  earthquakes  of  the 
last  century.  In  the  fields  about  Steeple- Ashton,  every  stone 
turned  up  by  the  plough  is  a  coral;  and  our  inland  quarries 
and  chalk  pits  afford  to  the  palaeontologist  materials  for  the 
study  of  a  class  almost  wholly  wanting  on  the  present  sea- 
shores of  Europe.  The  history  of  the  British  fossil  corals,  as 
given  by  Milne  Edwards  and  Haime  in  the  "  Monograplis  of 
the  Paheontographical  Society,''  exhibits,  equally  with  that  of 
the  fossil  shells  by  other  authors,  a  transition  from  a  state 
very  different  from  that  which  now  subsists  in  our  part  of 
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the  world,  and  a  gradual  approximation  to  the  present  order 
of  things. 

In  the  palaeozoic  strata  the  corals  belong  chiefly  to  two 
extinct  orders ;  those  of  the  secondary  period  more  resemble 
living  corals  of  warmer  climates  than  ours;  and  the  few 
tertiary  genera  and  species  resemble  those  of  Southern 
Europe  and  our  own  coast 

One  large  group  {GyaihophyUidcB)  of  palaeozoic  corals 
presents  a  quadripartite  character  of  the  plaited  cups  or 
stars ;  whereas  the  lamellae  of  the  polype-cells  of  later  and 
modem  families  of  Anfhozoa  are  developed  in  multiples 
of  6.  A  remarkable  exception,  however,  exists  in  the 
Holocystis  (fig.  5, 8),  an  Astrea-like  coral  with  quadripartite 
stars,  which  is  found  in  the  lower  greensand.  The  old-rock 
corals  are  also  remarkable  for  the  manner  in  which  they  are 
partitioned  off  by  horizontal  **  tabulae  "  (fig.  4, 3),  like  the  septa 
of  the  NawtUus  and  Spondylus.  This  character  obtains  not 
only  in  the  Cyathojphyllidce,  but  also  in  the  Milleporidce,  Favo- 
»Uidce,  and  other  palaeozoic  families.  Of  the  129  Silurian 
corals,  121  belong  to  the  tabulated  divisions. 

The  Devonian  system  contains  about  150  described  corals, 
the  carboniferous  limestone  76,  and  the  magnesian  limestone 
only  5  or  6.  The  commonest  forms  of  simple,  turbinated 
corals,  are  Cyathophyllum  (fig.  4, 2  and  3),  which  exhibits  four 
slight /os^to  in  its  cup,  and  is  often  supported  by  root-like 
processes.  In  Zaphrmiis  (fig.  4,5),  there  is  but  one  deep 
fossula.  Amplexas  (fig.  4,  i)  is  a  characteristic  carboniferous 
fossil,  nearly  cylindrical,  and  often  so  strait  and  regular  in 
its  growth  as  to  have  been  originally  described  as  a  chambered 
sheU.  The  radiating  septa  are  very  slight^  and  the  horizontal 
partitions  simple,  flat^  and  almost  as  regular  as  the  septa  of 
the  Orthoceras,  In  the  Silurian  Cystiphyllum  (fig.  4, 4)  the 
lamellae  are  also  evanescent ;  but  the  talndce  are  represented 
by  numerous  vesicular  plates.    The  corals  of  these  genera  are 
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not  always  solitary,  or  merely  in  groups;  some  species  of 
Cyaihophyllum  constantly  form  compound  masses,  with  cups 
rendered  polygonal  by  contact,  like  C.  regivm  of  the  Bristol 
limestone.  The  allied  genus  Acenmlarm.  (fig.  i,  8)  resembles 
an  Aatrma,  and  exhibits,  in  a  remarkable  manner,  the  multi- 
plication of  its  corallites  by  calicular  gemmation.     The  genus 


Fig.  4. 

RitaozoK  Con^i  {Anthoxoa). 

t.  AmpleiUB  Sowerbyi.  Ph, ;   Carioni/ermu,  Ireland. 

1.  CyttthophjUnmlurbinatum,  Lin,;   U.  Silurian,  V-'eolock. 

3.  Cjftlbophyllum  Bubturbiaatum  (Baction);  U.  iSiluriim,  Wenlock. 

4.  Cjatlpbyllum  SLIuriense,  Lonad. ;  U.  Silurian,  Wenlock. 
;,  ZaphrentU  Pbillipai,  M,  Edw. ;  Carboniftrova,  Somereet, 
6.  Lithodendron  irregulare,  Ph. ;  Carboniferoui,  Europe. 

T.  IjlhoatrotioQ  striatum,  Flem. ;   CaTboniferoui,  Europe. 

8.  Acervularift  luidriana,  Eich. ;   U.  Silurian,  Europe. 

9.  Helialilee  interstinutn,  Wabl. ;   U,  Silurian,  Europe. 
ro.  Syringopora  ramulosa,  Goldf. ;  Carboniferoia,  Europe. 
II.  Halyaitea  catenn1a(UB,  L.;  SUurian,  Northern  Regions. 
11.  PaTOditea  Ootblandica,  Lam, ;  Silurian,  North. 


Lithoetrotioa  (fig.  i,  7)  of  the  carboniferous  limestone  is  also 
compact  and  astrseifoim,  but  the  new  corallites  are  produced 
by  lateral  gemmation.  Corals,  with  the  same  structure,  but 
not  compact,  are  known  by  the  name  Lithodendron  (fig.  %  6). 
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The  "chain-coral"  Halydtes  (fig.  4,  n)  and  Syringopora  (fig. 
4, 10 )  resemble,  at  first  sights  the  recent  asteroid  Tvhiporidce : 
in  Haiysites  the  radiating  septa  are  quite  rudimentary ;  and 
in  Syringopora  the  tabulae  are  funnel-shaped,  forming  a  central 
axis  to  each  tube.  The  Favositidtje  (fig.  4,  12)  are  mostly  very 
regular  both  as  to  their  polygonal  shape  and  transverse  tabulae ; 
the  cells  of  adjacent  corallites  are  connected  by  pores,  either 
in  the  sides  or  angles  of  the  waUs ;  the  septa  are  rudimentary. 
In  the  genus  Chcetetes  the  tubes  are  always  slender,  and  much 
elongated,  and  their  walls  imperforate.  Michelinia  resembles 
the  fruit  of  the  Nelumbium ;  it  has  vesicular  tabulae  and 
root-like  processes  to  its  basil  plate.  Heliolites  (fig.  4, 9),  of 
which  many  species  are  found  in  the  Silurian  and  Devonian 
limestones,  is  related  to  the  recent  Milleporm,  The  radiating 
septa  are  distinct,  and  the  tabulae  regular;  the  interspaces 
between  the  stars  are  filled  up  with  fine  and  regular  tubes. 
One  genus  of  Fungidce  (Palcpocycliis)  occurs  in  the  Upper 
Silurian. 

The  British  secondary  corals  are  not  very  numerous  ;  for 
although  specimens  abound  in  the  coral-rag  districts,  only 
fourteen  species  are  found  in  that  formation.  Altogether, 
sixty-five  species  are  found  in  the  English  oolites,  and  twenty- 
two  in  the  chalk  and  greensands.  These  are  mostly  Astrceidce, 
or  related  to  Fungia.  Three  common  forms  in  the  oolites  are 
MonUivaltia  (fig.  5, 9),  Stylina  (fig.  5,  10)  and  Thecosmilia  (fig. 
5,  11).  The  English  cretaceous  strata  afford  the  Holocystis 
(fig.  5, 8),  which  is  the  most  recent  coral  with  quadripartite 
septa  of  the  polype-cell  ( s') ;  Trochocyathus  and  Parasniilia 
(fig-  5,  6),  resembling  the  recent  CycUhina ;  and  the  little 
**  Fungia"  coronula  (fig.  5,  3),  described  in  two  genera  {Micra- 
hacia  and  Stephanophyllia)  of  distinct  orders  in  the  **  Mono- 
graphs of  the  Palaeontographical  Society."  The  lower  chalk 
of  France  and  (Germany  contains  many  other  corals,  especially 
GydolUes   (fig.  5, 5),   Pachygyra   (fig.  5, 7),   and  Diploctenium 
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(fig.  5,  i).     The  A^nd.iscus  (fig.  5, 4),  was  sent  by  Dr.  Shaw 
from  Algeria. 

The  English  eocene  strata  contain  twenty-five  corals,  all 
extinct,  and  belonging  to  fifteen  genera.  These  include  an 
Astrata  {Litkarcca  Webslert),  which  grows  on  the  watei'-wom 
flint  pebbles  ;  a  BalaTwphyllia,  similar  to  the  existing  coral ; 
a  Bendrophyllia,  which  is  the  oldest  member  of  the  genus ;  an 


w"^         iIb. 


and  Tertiary  CoraU  (J»(Jl«soa). 

I.  "nirbiaolU  Balcftlo,  Lam.  *  M.  Eneme,  Europe. 

1.  DiploctcDium  lunMum,  Brng.;  Chalk,  France. 

3.  Micrabacia  coronala,  Ooidf. ;  U.  Ortauatid,  Earope, 

4.  AapidiBCUB  cristatiui,  Laid.  ;  CT^aeami  (?),  Algeria. 
J.  Cf  clolitee  elliptica,  L«m. ;  L.  Ckali,  France. 

6.  ParumiliB  centralis,  Uant. ;  U.  Vhalk.  Eogloail. 

7.  Pachygjra  labyrinlhica,  Mich. ;  L,  Chalk.  France. 

i.  BolocjBtiB  elegsDB,  Lonsd. ;  L.  Qreeiuand,  lale  of  Wight. 
9.  MontliTaltia  caryophjllala,  I«m. ;   Oreal  (Mite,  France. 

10.  Stjlina  De  la  Bechei,  H.  £dw. ;   CoraUian,  Wilts. 

11.  TbAConnilis  annalarig,  Flem. ;  CoraVian,  Wilts. 


Ocidina;  and  eight  species  of  the  genus  Turbinolia  (fig.  5,  t). 
The  corals  of  the  English  pliocene  are  mostly  Bryozoa  ;  only 
four  true  corals  have  been  found  in  the  coralline  crag  belong- 
ing to  the  genera  l^phmotrochus,  Flabell-um,  CryptangicL,  and 
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BcUanophyllia,  all  reputed  extinct,  although  the  firat  is  very 
closely  related  to  the  living  Sphenotrochvs  Macandrewi, 

The  total  number  of  fossil  corals  enumerated  by  M. 
d'Orbigny  in  the  "Prodrome  de  Pal^ontologie,"  amounts  to 
11 35,  grouped  under  216  genera.  But  notwithstanding  all  the 
labour  which  has  been  bestowed  on  this  branch  of  palaeonto- 
logy by  Goldfus,  Michelin,  Lonsdale,  and  Milne  Edwards, 
species  are  continually  discovered  or  brought  home  from 
abroad  which  are  altogether  new,  and  cannot  be  plewsed  in  any 
of  the  constituted  genera. 

Class  IIL— BRYOZOA. 

Char. — Tentacles  of  the  polype  hoUow,  with  ciliated  margins ; 
alimentary  canal  with  stomach,  intestine,  and  anus; 
polypary,  when  present,  external,  homy,  and  calcareous. 

The  metamorphoses  which  the  Bryozoa  undergo  are  like 
those  of  the  lower  Polypi;  the  embryo  developed  from  the 
ovum  is  an  oval,  discoid,  or  subdepressed  body,  with  a  general 
or  partial  ciliated  surface,  by  which  it  enjoys  a  brief  locomo- 
tive life  after  its  liberation  from  the  parent.  The  Bryozoa  are 
allied  to  the  compound  Ascidia  ;  but  not  one  of  the  ascidian 
Molluscoids  quits  the  ovum  as  a  gemmule  swimming  by 
means  of  cilia ;  and  no  Bryozoon  quits  the  ovum  in  the  guise 
of  a  Cercarian  or  tadpole,  to  swim  abroad  by  the  alternate 
inflexions  of  a  caudal  appendage.  In  a  progressive  and  con- 
tinuous series  of  teachings,  by  pen  or  word  of  mouth,  the 
place  of  an  osculant  or  transitional  group  is  governed  by 
convenience,  by  considerations  of  how  best  to  teach  by 
comparison  and  easy  gradation;  and  the  Bryozoa^  whether 
regarded  as  the  highest  organized  Radiates,  or  as  tlie  lowest 
denized  Mollusks,  are  treated  of  accordingly,  in  the  position 
here  assigned  to  them.  The  i)ractical  palaeontologist  finds  him- 
self compelled,  indeed,  to  arrange  and  study  the  fossil  Bryozoa 
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along  with  the  corals,  if  only  on  account  of  the  difficulty  he, 
in  many  cases,  experiences  of  determining  to  which  class 
of  Polyx>i  his  specimens  belong.  M.  d'Orbigny,  who  has 
devoted  much  attention  to  this  class,  assigns  more  importance 
to  the  form  than  to  the  grouping  of  tlie  cells.  These  are 
marked  by  "pores"  and  "pits,"  the  variation  of  which  helps  in 
many  instances  to  the  appreciation  of  minor  natuml  groups  ; 
but  tlie  members  of  such  groups  difler  greatly  in  the 
general  form  of  the  polypary,  which  may  be  an  encrusting 
sheet,  or  may  rise  in  plates  or  in  bi^anching  stems.  The 
number  of  extinct  species  must  be  great,  since  the  Bryozoa  of 
the  chalk,  which  alone  have  been  carefully  examined,  amount 
to  213 ;  while  only  two  species  are  known  from  the  trias,  none 
at  all  from  the  lias,  and  only  five  from  the  upper  oolites,  so 
rich  in  corals  and  sponges.  In  the  "  Cours  Elementaire"  of 
d'Orbigny  the  fossil  Brj'ozoa  are  stated  to  amount  to  1676, 
distributed  in  85  genera. 

Of  the  19  or  20  palaeozoic  genera,  none  extend  into  the 
secondary  strata;  but  of  the  18  oolitic  genera,  Entalophora 
and  Defrancia  range  onwards  to  the  tertiaries;  and  Alecto, 
Idrfwneay  and  Eschara  still  survive.  The  oldest  known  fossil, 
Oldhamia  (fig.  3, 2),  has  been  supposed  to  be  a  Bryozoon,  as  has 
been  likewise  the  Graptolites  (fig.  3,  3).  The  most  common 
pala30zoic  form  is  Fenestrella  (fig.  3,  xi ),  resembling  the  recent 
**  lace-coral'' ;  there  are  35  species,  ranging  from  the  Lower 
Silurian  to  the  Permian.  One  of  its  modifications  resembles 
a  feather  {Ptilopora^  fig.  3,  10),  and  is  found  in  the  carbonifer- 
ous limestone.  Another,  more  remarkable,  has  a  spiral  axis 
{ArchwudiporOy  fig.  3,  9),  and  occurs  in  the  same  formation  in 
Kentucky.  One  of  the  oldest  genera  is  Ptilodidya  (fig.  3, 8), 
of  which  seven  species  are  found  in  the  Lower  Silurian  forma- 
tions. The  slabs  of  Silurian  limestone  obtained  at  Dudley  are 
covered  with  myriads  of  small  and  delicate  fossils,  including 
many  Bryozoa.    Some  of  these  are  spread  like  a  film  over 
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other  fossilSy  and  have  been  doubtfully  referred  to  the  modem 
genera  Discopora  and  Berenicea ;  others,  with  slender  branches, 
and  erect  or  creepmg,  are  called  Milleporas,  Heteroporas,  and 
Escharinas.  The  genus  Ccenites  (fig.  3,7),  perhaps  belongs 
here.  The  magnesian  limestone  contains  several  large  **"  lace- 
corals"  of  the  genera  Fenestrdla^  Synocladia^  and  Phi/llophora; 
and  two  branching  species  of  Thamniscus  and  Aeanthocladia. 
The  oolites  afford  many  small  incrusting  species  related  to 
JHastopora^  and  branching  forms  like  Terebellaria  and 
Chrysaora.  In  the  chalk,  the  Escharas  are  most  namerons, 
and  Lunviites  and  Capularia  first  appear.  Some  thin  beds 
of  the  lower  chalk  are  almost  composed  of  Bryozoa,  mingled 
with  Foraminifera,  The  coraline  crag  of  Suffolk  takes  its 
name  from  the  great  abundance  of  Bryozoa  it  contains,  among 
which  Eschara,  Cellepora,  FasdculariOy  Theonoa,  Homera^ 
IdnumeOy  FlustrUy  and  Tvhdipcra  are  the  most  important 


Class  IV.— ECHINODERMATA. 
( Star-FislveSy  Sea-Urchins.) 

Char, — Marine ;  commonly  free,  repent  animals,  with  the 
int^ument  in  most  perforated  by  erectile  tubular  ten- 
tacles^  hardened  by  a  reticulate  deposit  of  calcareous 
salts,  and  in  many  armed  with  spines. 

The  fossil  Badiata  present  a  mine  of  comparatively  unex- 
hausted riches  to  the  palaeontologist.  More  difficult  of  study 
than  sheUs,  and  less  uniformly  present  in  all  strata,  the 
enduring  remains  of  echinoderms  and  corals  are  unsurpassed 
in  beauty  of  form  and  structure,  and  in  the  value  of  the  evi- 
dence they  afford. 

The  present  summary  of  the  extinct  forms  of  Echinoder- 
maia  will  commence  with 
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Order  1. — Crinoidea. 

Oiar, — Body  with  ramified  rays,  suppoited  temporarily  or 
permanently  on  a  jointed  calcareous  stem ;  alimentary 
canal,  with  mouth  and  vent,  both,  as  in  Bryozoa, 
approximated. 

The  '*  stone-lilies,"  or  crinoid  star-fishes,  formed  a  nume- 
rous and  important  group  in  the  palaeozoic  seas,  where  they 
obtained  their  maximum  number  and  variety.  M.  d'Orbigny 
describes  thirty-one  palaeozoic  genera,  two  triassic,  ten  oolitic, 
and  four  cretaceous — of  which  latter  three  {PeniacrinuSj  Bour- 
gueticrinus  and  CoTnatula)  are  found  in  the  tertiarie^  and  mo- 
dem seas.  The  Griiioidea  differ  from  the  other  echinoderms 
in  having  the  generative  organs  combined  with  the  arms,  and 
opening  into  special  orifices  near  their  base.  Nearly  all  the 
genera,  except  Coniattda  and  Marsupites  (fig.  6, 9),  appear  to 
have  been  attached  either  by  the  expanded  base  of  the  column, 
as  in  Apiocrinus^  or  by  jointed  processes,  as  in  Bourgueticrinus. 
In  many  instances  the  lower  part  of  the  column  throws  out 
innumerable  root-like  side-arms,  which  strengthen  and  support 
it.  The  column  is  comparatively  short  in  Apiocrinvs  Parkin- 
soniy  and  extremely  elongated  in  Pentacrinus  Hiemeri.  It  is 
round  in  nearly  all  the  palaeozoic  Crinoids;  and  when  five- 
sided,  the  articular  surfaces  of  the  joints  are  simply  radiated, 
as  in  the  rest  These  joints  are  perforated  in  the  centre,  and, 
when  detached,  ai-e  the  •*  St  Cuthbert's  beads"  of  story  (fig. 
6,  5).*  In  PlcUycrinvs  the  stem  is  compressed,  and  the  arti- 
cidar  surfaces  are  elliptical  In  the  genus  Pentacrin7i8,  which 
commences  in  the  lias,  the  sculpturing  of  the  articulations  is 
moi-e  complex  (fig.  6, 8),  but  it  is  quite  simple  in  the  other 

*  Casts,  ill  cheit,  of  the  caual  which  passes  down  the  crinoidal  column  are 
called  "  screw  stones ;  '*  and  those  limestones  which  abound  in  columns  and 
detatched  joints  are  called  "entrochal  marbles.'* 
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modem  genera.  The  body  of  the  Crinoid  is  composed  of  poly- 
gonal plates  fonniDg  a  cup,  which  is  covered  by  a  canopy  of 
smaller  plates.  The  mouth  is  often  proboscidiform ;  the  anal 
orifice  is  near  it.  The  five  arms  which  crown  the  cup  are 
sometimes  nearly  simple,  hut  feathered  with  slender.  Jointed 
fingers ;  in  other  genera  they  divide  again  and  again,  dichoto- 
mously;  and  in  two  remarkable  Silurian  forms,  Anl}u>crinvs 


I 


Fig.  6. 

Crinoidea ;  BUuloidta;  Cj/iUndea. 
I.  8[AaTonite8  aaraQtiain,  Wabl. ;  L.  SUaruM,  Sneden. 
>.  PioDdocriiiDS  MfuciatDB,  Peaces  ;   U.  Silvriaa,  Dudley. 

3.  Fentremit««  Horealis,  Say;  Carboni/eroiu,  Ohio. 

4.  Crotalocrinas  ragoauB,  Hill. ;   U.  Silurian,  Dadley. 

5.  PateriocrinoB  (joint  of  colnma);   Oarbontfermu,  YoriBhiTe. 

6.  EncrinoB  entrocbK ;  L.  i{iiKhtlkali,Genaaay. 

7.  Apiocrinna  ParkinBoni,  Mill. ;  Bradford  Clay. 
S.  Peatacrinus  baasltirormis,  Mill. ;  Liat,  Lyme. 
9.  HaranjriteB  ornatoB,  Mill.;   CkaOc,  SusBex. 

and  Crotaloennua  (fig.  6,  4),  these  subdivisions  are  extremely 
numerous,  and  the  successive  ossicles  are  articulated  to  each 
other  laterally,  forming  web-like  expansions,  similar  in  appear- 
ance to  the  coral  Fenestrdla  (fig.  3,  u).  Other  remarkable 
Silurian  Crinoids  belong  to  the  genera  Qbjptocrhtus  Eucalyp- 
toerinus,  Geocrinus  (the  "Dudley  Encrinite")  and  Canjocrinus. 
Several  are  common  to  the  Silurian  and  Devonian,  as  .\fe- 
locrin'tts,  Cyathoeriwua,  and  Rhodocriniis;   the  two  last,  and 
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Poferiocnmis,  extend  into  the  carboniferous  formations.  Cu- 
^yressocrimis  and  some  others  are  peculiarly  Devonian ;  Platy- 
crimcSy  common  to  Devonian  and  coal  formations ;  and  many 
genera  (including  the  "nave  Encrinite" — Adhwcriiius,  Gil- 
bertsocrinnSy  and  Woodocrimis\  are  proper  to  the  carboniferous 
limestone.  The  famous  "lily  Encrinite"  {Encrinus  entroclia, 
fig.  6,  6)  is  characteristic  of  the  middle  trias,  or  "  muschel- 
kalk;"  the  "clove  Encrinite"  (Etigeniacrimcs,  fig.  7, 9)  abounds 
in  the  upper  oolites  of  Germany;  ApiocrinuSy  Millericrinus^ 
and  several  forms  related  to  Comatula — e.g.,  Pterocoma  and 
Saccosoma — are  also  peculiarly  oolitic.  The  "tortoise  Encri- 
nite"  {Marsupites,  fig.  6, 9),  is  found  only  in  the  chalk,  along 
with  BourgiLeticrinm  (fig.  7,  10);  and  the  bodies  of  ComatulcCy 
which,  when  they  have  lost  their  arms  and  claspers,  are 
called  "Glenotremites."  (Fig.  7, 7, — upper  surface  with  sockets 
of  the  five  arms ;  8, — under  surfsu^e,  shewing  articulations  of 
claspers,  and  the  scar  of  the  larval  stem.) 

Order  2. — Cystoidea. 

This  order  was  established  by  Von  Buch  for  a  small  group 
of  palaeozoic  echinoderms  formerly  included  with  the  Crinoidece. 
They  have  a  globular  body  covered  with  close-fitting  polygonal 
plates,  and  supported,  as  a  rule,  on  a  simple  jointed  stem. 
Opposite  its  attachment  is  the  mouth,  which  is  minute ;  close  to 
it  is  a  small  opening  like  a  generative  pore ;  and  a  little  more 
distant  a  larger  orifice,  covered  by  a  pyramid  of  five  or  six  little 
valves.  Some  of  the  genera,  like  Pseudocriniis  (fig.  6, 2),  have 
two  or  four  tentaculiferous  arms,  bent  down  over  the  body  and 
lodged  in  grooves,  to  which  they  are  anchylosed.  Others, 
like  the  Sphceronites  (fig.  6,  i),  have  obscure  indications  of 
tentacles  situated  close  to  the  mouth.  In  Psevdocrimbs  and 
some  other  genera  two  or  three  pairs  of  lamellated  organs, 
called  "pectinated  rhombs,"  are  placed  on  the  contiguous 
margins  of  certain  body-plates.    They  are  supposed  not  to 
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penetrate  the  interior,  and  no  office  has  been  conjecturally 
assigned  to  them;  but  Edward  Forbes  suggested  that  they 
might  represent  the  "  epaulettes "  of  the  larval  Echinidoey  to 
which  group  he  supposed  the  Cystidean  bore  the  same  relation 
as  the  Crinoids  hold  to  the  star-fishes.  Some  Sphceronites  of 
the  Bala  beds  seem  to  have  become  freed  from  their  stems, 
and  may  have  enjoyed  a  feeble  locomotion ;  the  two  genera, 
Agdacrinus  and  HemicystiteSy  hitherto  found  stemless  and 
sessile  on  foreign  bodies,  are  chiefly  fronj  the  Silurian  beds 
of  America.  Of  the  known  genera,  of  Cystoidea,  eight  are 
found  in  British  strata — four  in  the  upper  and  four  in  the 
lower  Silurian. 

Order  3. —  Blastoidea. 

A  separate  order  has  been  proposed  for  another  small 
group  of  palaeozoic  fossils  typified  by  Pentremites  (fig.  6,  3). 
The  body  is  globular  or  elliptical,  composed  of  solid  poly- 
gonal plates,  and  supported  on  a  small,  jointed  stalk,  with 
radiated  articular  surfaces  and  irregular  side-arms.  The 
minute  oral  orifice  is  at  the  summit  surrounded  by  five  other 
openings,  four  of  which  are  double  and  ovarian,  the  fifth  rather 
larger  and  anal.  There  are  five  petaloid  ambulacra  of  variable 
length,  converging  to  the  mouth,  furrowed  down  the  centre, 
and  striated  across.  According  to  the  observations  of  Dr. 
Ferdinand  Ecemer,  these  supported  numerous  slender,  jointed 
tentacula,  indicated  by  the  rows  of  marginal  pores.  One 
species  is  found  in  the  upper  Silurian,  six  in  the  Devonian, 
and  twenty-four  in  the  Carboniferous,  which  has  received  the 
name  of  "pentremite  limestone"  in  the  United  States,  on 
account  of  the  abimdance  of  these  fossils  in  it. 

As  the  star-fishes  progress  with  their  mouth  downwards, 
the  side  of  the  body  on  which  it  opens  is  called  the  "  ventral," 
the  opposite  side  the  ** dorsal **  surface;  and  the  same  terms 
are  applicable  to  the  homologous  surfaces  of  the  radiated  disc 
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or  globular  body  which  is  sustained  by  the  stem  of  the 
crinoid,  cystoid,  and  blastoid  Echinoderms. 

After  the  microscopic  organisms  and  the  pol^-pes,  these 
extinct  pedunculated  orders  have  taken  the  largest  share  in 
modifying  the  composition  of  the  earth's  crust ;  they  may  be 
said  to  constitute  some  of  the  limestones  of  the  Silurian  and 
Carboniferous  iDcriods. 

The  chief  characteristics  of  the  palaeozoic  Crinoidea  arc, 
that  the  articulations  which  connect  the  columnar  segments 
radiate  by  simple  stria?  diverging  from  the  central  axis,  and 
that  the  dorsal  portion  of  the  disc  is  equal  with,  or  larger 
than,  the  ventral  portion. 

The  palaeozoic  types  are  succeeded  by  forms  in  which  the 
ventral  portion  is  genemlly  superior  in  size  to  the  dorsal, 
which  serves  only  as  a  base  for  the  support  of  the  wide- 
spreading  rays,  while,  with  two  exceptions  {Apiocrinus  and 
Gnathocnnvs),  the  columnar  joints  are  secured  by  crenulated 
florifonn  ridges  on  the  facets  of  the  joints.  The  crinoid  type 
continued  to  be  richly  represented  to  the  time  of  the  depo- 
sition of  the  lias ;  since  which  it  has  dwindled  down  to  a 
solitary  Pentacrinus  and  a  few  other  crinoids,  having  little 
resemblance  to  the  ancient  forms. 

In  tracing  the  progression  of  aflBnities  through  this  class^ 
we  may  pass  from  the  living  Comatvla  in  two  directions, 
forwards  through  a  succession  of  beautifully  graduated  forms 
to  the  Echinus  and  worm-like  Holothurioids,  and  backwards 
to  the  Marsupites,  and  polype-like  Crinoids.  But  the  series 
is  made  more  complete  by  the  extinct  species.  The  Sphaero- 
nite,  in  which  crinoidal  arms  have  been  observed,*  and  the 
Echinocystites,  Wy.  T.f  supply  most  interesting  additional  evi- 
dence of  the  transition  from  the  Crinoids  and  Cystoids  to  the 
true  urchins. 

•  By  Professor  Wyville  Thomson,  "Ed.  Phil.  Jonm.,"  t.  xiii. 

f  lb.,  plates  3  and  4. 
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Order  i. — Asteboidea. 
{Sea-SI(ir»,  Britlle  Sl-irt.) 
Char. — Body  free,  radiate ;  integument  hardeued  bv  calcare- 
ous pieces,  and  more  or  less  armed  with  spines ;  no 
dental  apparatus. 
AsUruidce  and  Ophiurida. — Fossil  star-fishes,  thouyh  less 
common,  have  a  vider  range  tliaD  their  allies  the  fossil  urchins, 
being  found  amongst  the  earliest  oiganic  forms.     Paltccv^er, 


OaUrUida  ;  Atteriada ;  Crinoidta, 
I.  Pygaiter MmiBDlcatni,  Ph.;  Inf.  OoUU,  CbetUnhun. 
1.  ijumchfles  oralDa,  Lun. ;   U.  CkaOc,  Earopc. 
].  0&l«ritea  albogsleniB,  Lam.;   U.  ChMc,  Kent. 
4-  Scntella  aulinituDila  ;  Hiofrne,  M&lu. 
J.  LBpiduter  Or»7i,  Forbes  ;   t'.  SHiiria*,  Dndlej. 

6.  Protuter  Miltoni,  Baiter  ;  L.  Ludlow  rode.  Salop. 

7.  ComatnU  [Glenotremiteii),  upper  surface  ofbodj. 
S.  ComatnU  (looer  surfue) ;  Chalk,  Saeaei. 

9.  EageniacruinB  qaiDquedaetjlus,  Schl. ;  Oxfordian,  Wuilembeig. 
10.  BonrgneticriDua  elliplicns,  Mill. ;  Chalk,  Kenl. 

Protatier  (fig.  7,  *),  and  Lepidaster  (fig.  7,  s),  are  Silurian  star- 
fishes, presenting  many  anomalies,  and  scareely  referable  to 
any  existing  families.  The  living  starfish  (Opfn'ocoma)  which 
is  most  like  Protaeler,  has  been  dredged  up  aU\c  from  a 
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deptli  of  two  miles  below  the  surface  in  the  North  Atlantic. 
Trajndaster,  Pleuraster,  Aspidura,  OpMurella,  and  AmpMura 
are  oolitic  genera ;  Opliioderma,  Luidia,  Astropecten  range 
from  the  lias  to  the  present  seas ;  Stellaster  and  Arthraster 
are  peculiar  to  the  cretaceous ;  and  Ophiura,  Oj^hiocomay 
Astror/onitim,  Or  easier,  and  Goniodiscus  are  both  cretaceous 
and  living. 

Order  5. — Echinoidea. 
{Sea-urchins.) 

Char. — Body  free,  spheroid  or  discoid,  incased  in  a  crust  of 
inflexibly-jointed  calcareous  plates,  and  armed  with 
spines;  mouth  below,  with  a  complex  dental  system, 
usually  arranged,  so  as  to  resemble  a  "  lantern." 

The  Echinoidea  appear  first  in  the  Lower  Ludlow  limestone 
and  attain  their  maximum  in  the  cretaceous  strata.  The 
principal  shell-plates  are  arranged  in  longitudinal  series,  five 
of  perforated  or  "  ambulacral "  (fig.  8,  8,  a)  alternating  with 
five  of  *'  inter-ambidacral "  plates  (ib.  i).  In  all  secondary 
and  more  modern  Echinidce,  each  series  includes  a  double  row 
of  plates,  which  are  pentagonal :  but  in  the  Silurian  Paloeo- 
discus  and  EchinocysiiteSy  the  inter-ambulacral  plates  are  of  less 
definite  shape,  and  are  crowded  irregularly,  so  that  from  eight 
to  ten  may  extend  transversely  between  the  wider  intervals 
of  the  ambulacra  ;  and  this  low  vegetative  repetition  of  parts 
is  continued  in  the  Perischodomus  and  Palcechinus  (fig.  8,  i) 
of  the  carboniferous  limestone,  where  there  are  five  or  six 
rows  of  plates  in  the  inter-ambulacral  areae.  Only  detached 
plates  of  the  equally  ancient  Archceocidaris  have  been  seen, 
and  the  inter-ambulacral  ones  (fig.  8,  2),  by  their  six-sided 
form,  seem  also  to  have  been  arranged  in  more  than  two  rows. 
Normal  Echinidae,  of  the  existing  genus  Cidaris,  abound  in 
the  upper  trios.  Some  of  the  secondary  species  of  Cidaris 
have  the  ambulacral  pores  widely  separated  {^Rhahdod- 
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darts);  in  others  the  rows  of  pores  are  doubled  {^=Diploci- 
darU).  The  geous  Hemiddarie  (fig.  8,4),  distinguished  by 
the  large  spine-bearing  tubercles  on  the  lower  part  of  the 
ambulacra,  raises  from  the  trias  to  the  chalk-marL  Diadaiue, 
with  smooth,  solid  spines  {^Hemidiadema),  appear  in  the 
lias,  and  continue  to  the  chalk,  where  the  modem  type,  with 
annulated,  hollow  spines,  appears.  Echinopsis,  most  common 
in  the  chalk  and  older  tertiaries,  also  occurs  in  the  lias, 
Acrosalenia,  a  genu2  characteristic  of  the  oolites,  is  distin- 
guished from  Sctlenia  by  its  perforated  tubercles.  Acrocidaris, 
ndiocidari»,  and  several  other  sub-genera  of  Echinus,  are  also 
peculiar  to  the  oolites.     Glypticas,  chiefly  there  represented. 


I.  PalKcbiiiDB  epbiericus,  Scouler;  CuTbonifermu,  ln\u\A. 

a.  ArcbteocidariB  Urii,  Flem. ;  CaTboniferoui,  Ireland. 

].  Cidaris  glandifera,  Goldf.  (spine) ;  J-ara.,  Mount  Canael. 

4-  Hemicidaria  iatemiedia,  Flem. ;   CoroUian,  Calne. 

5-  Salenia  peUlifera,  Desm. ;    fZ  QTceraand,  Wilto. 

6.  Diwuter  ringenn,  Ag. ;  Inftrior  Oolite,  Dorset. 

7.  HemipneuBles  Greeoovii,  Forbea ;   U.  Oremtand,  Blackdown. 
t.  Cstopjgus  carinattui,  Goldf. ;   U.  Orteruand,  Wilts. 

has  one  species  in  the  chalk  of  Ciply.  Salenia  (fig.  8,  j ), 
■with  its  ornamental  dbk,  is  characteristically  ci'etaceous. 
Arbacia  and  Temnopley/i'us  appear  first  in  the  eocene.     The 
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Cassiduli(l(c  conmience  in  the  oolites,  with  Pijgaster  (fig.  7,  0 
and  Holectyjms,  and  abound  in  the  cretaceous  system.  Gale- 
rites  (fig.  7,  3),  Discoidea,  Pyriiuiy  and  Cassididtts  are  pecxi- 
liar  to  the  chalk.  The  Clypeastridce  are  represented  in  the 
oolites  by  numerous  species  of  Echinolarapas  and  Niicleolitcs 
(or  Clyjpeus)  \  the  latter  genus  attains  a  large  size.  The  sub- 
genus Catcqyyg^cs  (fig.  8,. 8)  is  peculiar  to  the  cretaceous  series. 
Conodypcus  occurs  in  the  chalk  and  tertiaries.  Clyjicaster 
flourished  most  in  the  miocene  age ;  many  large  species  are 
found  in  the  south  of  Europe,  Madeira,  and  the  West  Indies. 
Numerous  genera,  remarkable  for  their  flattened  form,  and 
popularly  known  as  **  cake-urchins,"  are  peculiar  to  the  ter- 
tiaries and  existing  seas.  Lenita  and  Scutellina  are  eocene ; 
Scutella  (fig.  7,  4)  is  miocene.  Mellita  and  EcJmiarachnius 
are  both  fossil  and  recent.  The  heart-shaped  urchins  {Spatan- 
gidce)y  are  only  remotely  represented  in  the  oolites  by  Disaster 
(fig.  8,  6) ;  they  are  numerous  in  the  chalk,  to  which  Micrastcr, 
Epiastery  Hemipneustes  (fig.  8,  7),  ArchuiciOy  Holastery  and 
Ananchytes  (fig.  7,  2),  are  peculiar.  Toxaster  is  characteristic 
of  the  lower  neocomian.  Hemiaster  is  cretaceous  and  tertiary. 
SpcUangus,  EupataguSy  BrissvSy  AmphidotuSy  and  Schizaster  are 
tertiary  and  recent  forms. 

The  shell  of  the  Echinodermata  has  the  same  intimate 
stnicture  in  all  the  orders  and  families,  and  in  every  part  of 
the  skeleton,  whether  "test,"  or  "spine,"  or  "tooth."  The 
smallest  plates  resemble  bits  of  perforated  card-board,  and  the 
largest  and  most  solid  are  formed  of  a  repetition  of  similar 
laminae.  In  a  few  membranous  structures,  minute  spicula, 
curved,  bi-hamate,  or  anchor-shaped,  are  met  with.  They  are 
always  composed  of  carbonate  of  lime;  but  owing  to  their 
porosity,  fossil  examples  are  commonly  impregnated  with 
earth,  or  pyrites,  or  silica,  and  form  bad  subjects  for  micro- 
scopic investigation.  Without,  however,  losing  their  organic 
structure,  the  fossil  Echinoderms  exhibit  a  cleavage  like  that 
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of  calcareous  spar,  by  which  the  smallest  ossicle  of  star-fish  or 
Crinoid  may  be  recognised :  this  peculiarity  is  most  strikingly 
obvious  in  the  great  spines  of  the  Cidaris  (fig.  8,  3),  or  the 
enlarged  column  of  the  "  pear  Encrinite*'  (tig.  6,  7).  Examples 
of  the  latter  may  be  seen  which  had  been  crushed  when 
recent^  and  before  the  sparry  structure  was  superinduced. 

Order  6. — Holothurioidea. 
(Sea- Cucumbers,  Trepang.) 

Char. — Body  vermifonn ;  integument  flexible,  with  scattered 
reticulate  calcareous  corpuscles,  or  beset  with  small 
anchor-shaped  spicula. 

The  Holothurioid  order  presents  scarcely  any  examples 
likely  to  be  met  with  in  a  fossil  state,  except  the  genus  Psoitis, 
of  whose  imbricated  shield  a  fragment  has  been  found  by  Mr. 
Richmond  in  the  northern  drift  of  Bute.  Count  Munster  has 
figured  the  microscopic  plates,  apparently  of  a  Holothuria, 
from  the  chalk  of  Warminster;  and  the  anchor  of  a  Synapta 
from  a  still  older  formation, — the  upper  oolite  of  Bavaria.* 
Microscopic  observers  will  doubtless  meet  with  many  such 
detached  plates  and  spines  when  searching  for  Polycystineae 
and  other  Bhizopods  in  the  oolitic  and  cretaceous  strata;  but 
it  is  scarcely  probable  that  the  order  has  dated  far  back  in 
time. 

Province  II.— AETICULATA. 

In  the  great  division  of  invertebrate  animals  called  Arti- 
cidatay  the  brain  is  in  the  form  of  a  ring  encircling  the  gullet. 
A  double  ganglion  above  the  tube  supplies  the  chief  organs  of 
sense.  From  the  ganglion  below  the  tube  two  chords  extend 
along  the  ventral  surface  of  the  abdomen  which  are  in  most 
species  united  at  certain  distances  by  double  ganglions ;  with 

*  Beitrage,  heft  6,  1843. 
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tliese  are  connected  the  nerves  supplying  the  body  segments 
and  their  appendages.  The. body  presents  a  coiTcspondiug 
symmetrical  form.  The  skeleton  is  external,  and  consists  of 
articulated  segments  of  a  more  or  less  annular  form.  The 
articulated  limbs,  in  the  species  possessing  them,  have  a  like 
condition  of  the  hard  parts,  in  the  form  of  a  sheath  which 
incloses  the  muscles.  The  jaws,  when  present,  are  lateral,  and 
move  from  side  to  side. 

The  worm,  the  lobster,  the  scorpion,  and  the  beetle, 
exemplify  this  province. 

The  articulate  division  of  the  animal  kingdom,  most 
universally  distributed  and  numerically  abimdant  at  the 
present  day,  is  least  perfectly  represented  amongst  the  relics 
of  the  former  world.  Their  chitinous  integuments,  often 
hardened  with  earthy  salts,  are  as  capable  of  preservation  as 
the  shells  of  the  Molhtsca,  and  remains  of  them  are  met  with  in 
all  aqueous  deposits ;  but  that  manifold,  complex  organization, 
which  in  the  recent  state  fits  them  so  admirably  for  generic 
and  specific  comparisons,  is  fatal  to  their  entire  preserva- 
tion, and  the  fossil  examples  are  often  so  fragmentary  as  to 
admit  of  little  more  than  the  determination  of  their  class 
and  family. 

The  most  ancient  fossiliferous  rocks  bear  imprints  which 
have  been  regarded  as  the  tracks  and  burrows  of  marine 
worms.  With  these  are  found  Crustacea  of  the  lowest 
division,  and  of  a  group  which  is  wholly  extinct.  A  little 
later  appear  the  Phyllopods,  Copepods,  and  other  existing 
orders  of  Entomostraca,  Only  a  few  obscure  forms,  doubtfully 
referred  to  the  higher  division,  MaldcostracOy  have  been  found 
in  the  carboniferous  and  Permian  systems.  The  secondary 
strata  contain  abundant  remains  of  Isopods,  and  of  lobsters 
and  hermit-crabs.  True  crabs  {Brachyura),  rare  in  the  newer 
secondary  rocks,  abound  in  the  oldest  tertiaries.  Aii>  breathing 
insects  and  Arachnida  existed  even  in  the  palaeozoic  age;  the 
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"sombre  shades"  of  the  carboniferous  forests  were  not  **un- 
cheered  by  the  hum  of  insects ;''  nor  were  the  insects  blind, 
like  those  which  now  inhabit  the  vast  caverns  of  Kentucky 
and  Camiola.  The  Articulata  which  come  latest  axe  the  Cir- 
ripedes,  whose  lowest  family  appears  in  the  lias ;  while  the 
BalamdcB  are  only  found  in  the  tertiaries. 

The  number  of  fossil  Articulata  catalogued  and  described 
forms  but  a  very  small  proportion  of  those  which  have  pro- 
bably existed.  Bronn  enumerates  1551  fossil  insects :  131 
arachnids,  894  crustaceans,  and  292  anellides.  Darwin  de- 
scribes 69  fossil  Cirripedes,  12  of  which  are  living  species. 

Class  L— ANNULATA. 

{WoDnSy  Tube- Worms,  Nereids.) 

Char. — Body  soft>  symmetrical,  vermiform,  annulated,  with 
suckers,  or  setae,  or  setigerous  tube-feet ;  blood  of  a  red 
colour  in  most. 

To  certain  small  annelidoid  burrows  in  the  schistose  rocks 
of  Bray  Head,  Wicklow,  the  name  Histioderma  has  been 
given  ;  but  the  peculiar  markings  on  the  suiface  of  these  and 
other  Cambrian  rocks,  e.^.,  of  Arenicola  didyma  of  the  Long- 
mynds,  Shropshire,  and  of  Scolithtts  linearis  of  the  Welsh  stiper- 
stones  and  K  Amer. "  Potsdam"  sandstone,  conjectured  to  afford 
the  earliest  indications  of  the  existence  of  marine  worms,  are 
not  without  suspicion  as  to  their  origin.  The  so-called 
**Nereites"  bear  considerable  resemblance  to  other  equally 
ancient  impressions  which  have  been  described  as  Zoophytes, 
under  the  name  of  Protovirgularia  (fig.  3,  i).  No  such  doubt 
attaches  to  the  worm-tracks  which  abound  in  the  thin-bedded 
sandy  strata  of  the  forest-marble ;  and  the  "  Cololites''  of  the 
lithographic  limestone  are  most  probably  the  castings  of  worms. 
Long  calcareous  tubes  occur  in  the  upper  Silurian  and  carboni- 
ferous strata,  which  have  received  the  name  of  Serpulitcs ;  but 
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those  in  the  quartz  rocks  of  Sutherland  are  thicker  in  propor- 
tion. The  Microconchns  of  the  carboniferous  period  is  now  re- 
garded as  an  Anellide ;  and  in  all  the  later  foimations,  tubicolar 
Anellides,  especially  of  the  genera  Serpula,  SpirarbiSy  and  Ver- 
milia  abound.  Some  of  these,  although  attached  and  gregarious, 
are  so  regular  in  their  growth  as  to  have  been  usually  called 
Venneti,  but  are  now  placed  in  the  genus  Vermicularia, 
SpiroglyphuSy  and  some  other  shell-excavators,  are  indicated 
in  the  tertiaries.  Amongst  the  problematic  fossils  of  the 
palaeozoic  strata,  two  are  supposed  to  be  anellidous,  viz.,  the 
Tentaculites  (fig.  10,  7).  which  was  apparently  free,  and  almost 
always  regular  in  its  growth,  so  as  more  to  resemble  one  of  the 
gregarious  Pteropods ;  and  the  Coniulite  (fig.  10,  8),  which  is 
attached  when  young,  singly  or  in  groups,  to  Silurian  shells 
and  corals :  the  structure  of  its  shell  is  vesicular,  and  the 
cavity  resembles  a  series  of  inverted  cones.  The  unattached 
and  gregarious  Ditrupa  appears  in  the  upper  chalk,  and 
abounds  in  the  London  clay  and  crag. 

Class  XL— CIERIPEDIA. 

{Barnacles,  Acorn- Shells), 

CJucr. — Body  chitinous  or  chitino-testaceous,  subarticulated, 
mostly  symmetrical,  with  aborted  antennae  and  eyes ; 
thorax  attached  to  the  sternal  surface  of  the  carapace, 
with  six  pairs  of  multiarticulate,  biramous,  setigerous, 
limbs ;  metamorphosis  resulting  in  a  permanent  para- 
sitic attachment  of  the  fully-developed  female  to  some 
foreign  body. 

The  fossil  Cirripedes  belong  chiefly  to  the  sessile  division, 
and  consist  of  the  ordinary  fonns  of  the  still-existing  Bcdanidoe. 
They  are  rare  in  the  eocene  tertiary,  but  more  abundant  after- 
wards. The  Balanus  porcaius  attains  a  great  size  in  the  shelly 
beds  of  northern  drift ;  its  large  basal  plate,  when  detached. 
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is  a  puzzling  fossil,  and  has  caused  some  mistakes.  A  Coro- 
nula  has  been  found  in  the  middle  division  of  the  crag  which 
has  afforded  so  many  cetaceous  bones.  Eemains  of  peduncu- 
lated Cinipedes  occur  in  older  deposits,  but  are  mostly  scarce 
and  fitigmentaiy.  A  species  of  Pollwipes  is  found  adhering  to 
drift-wood,  perforated  by  bivalves,  in  the  lias ;  another  occurs 
in  the  Oxford  clay,  attached  in  gi"Oups  to  driftr-wood,  and  the 
shells  of  Ammonites,  which  probably  floated  in  the  sea  after 
deatL  The  chaJk  affords  many  species  of  Pollidpes  and  Seal- 
pdlum,  a  species  of  the  anomalous  genus  Verrucay  and  the 
only  extinct  genus  of  Cirripedes — Loricula  (fig.  10,  6).  This 
remarkable  fossil  is  found  attached  to  Ammonites,  and  exhi- 
bits only  one  side  in  any  of  the  examples  hitherto  found.  In 
this  unsymmetrical  development  and  the  imbrication  of  its 
valves  it  more  resembles  Verr^ica  than  any  other  Cirriped. 
"During  the  deposition  of  the  great  cretaceous  system,  the 
Lepadidce  arrived  at  their  culminant  point :  there  were  then 
three  genera,  and  at  least  thirty-two  species ;"  whereas  at  the 
present  day  the  Philippine  Archipelago,  which  is  the  richest 
marine  province,  affords  but  five  species. 

Class  III.— CRUSTACEA. 

Char, — ^Body  articulated,  with  articulated  limbs ;  head  with 
antennae ;  branchial  respiratory  organs ;  sexes  distinct ; 
metamorphosis  in  most,  in  none  resulting  in  fixed  indi- 
viduals. 

Sub-Class  1.— ENTOMOSTRACA. 

Char. — ^Body  with  more  or  fewer  segments  than  fourteen  ; 
integument  chitinous,  forming  in  some  a  bivalve  shell, 
eyes  sessile. 

Small  bivalve  entomostracous  Crustacea  are  found  in  all 
strata,  and  attain  their  maximum  size  in  the  older  rocks. 
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Minute  Ostracoda,  related  to  the  recent  Cypris  (fig,  10,  s), 
swarm  in  the  laminated  fresh-water  clays  of  the  Wealden  ; 
whilst  the  marine  Cytho-idec  assist  with  their  multitudinous 
atoms  in  building  up  the  chalk.  Amongst  the  PhyHopods,  the 
gregarious  EstJteria  covers  the  slabs  of  Wealden  and  of  Keiiper 
with  crowds  of  bivalve  shells  which  have  been  commonly  mis- 
taken for  Ci/cladesani  Posidonomyw.  Eslheria  abounds  in  the 
Caithness  flags  of  the  middle  Devonian  series.     The  globose 


Fig.  9. 

Palaoi^k  Entomottraea. 

I.  Leperditia  Baltics,  Wahl. ;   U,  SUunm,  Gothland. 

%.  Entomoconchus  Scnuleri,  M'C. ;  CaThotuferaut,  Ireland. 

].  Ueyrichia  complicata,  Salter;  Zi.  Siiuruin,  Wales. 

4.  Dlthyrocaris,  Scouleri,  M'C. ;   CaritmiftrOM,  Ireland. 

5.  PtcrygotuH  AnglicoH,  Ag. ;   Old  Bed  Sariditone,  Ludlow. 

6.  Bellinunis  bellulue,  Kiitiig. ;  CaThonifcTmu,  Coalbrookdale. 

7.  JllenuB  Danoii,  »altet ;  L.  Silurian,  Bala. 

8.  Phacops  candatuB,  Bmn. ;   U.  SUurian,  Dudlej, 

9.  Caljinene  Blomenbachii,  Br. ;   U.  Silurian,  Dudle;. 

10.  Trinucleua  omatus,  Sternb. ;  L.  SUurian,  Brildn. 

11.  Agnostiu  trinoduB,  Salter;  L.  SUurian,  Briton. 

Entomoconchua  (fig.  9, 1)  is  found  in  the  carboniferous  lime- 
atone  ;  Leperditia  (fig.  9,  i)  in  the  Silurian  rocks  of  the  north  ; 
and  Beyrichia  (fig.  9, 3),  which  is  characteristically  Silurian, 
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may  be  distinguished  fix)m  the  young  forms  of  Trilobites  by 
the  unsymmetrical  shape  of  its  separated  valves.     Other  pa- 
laeozoic Phyllopods  {Ceratiocaris  and  Hymenocaris)  related  to 
the  recent  Nebalia,  and  having  a  conspicuous  tail,  occur  in  the 
upper  and  lower  Silurian  strata  ;  the  genus  Leptochdes  (M*C.) 
was  founded  on  the  tail-spines  of  these  Crustacea.    Dithyro- 
cnris  (fig.  9,  4),  which  resembles  the  recent  Apus  in  the  hori- 
zontal compression  of  its  carapace,  is  found  in  the  carboni- 
ferous limestone.     The  lower  coal  measures  also  contain,  in 
their  nodules  of  clay-ironstone,  frequent  examples  of  Bdlinr 
urtuf  (fig.  9, 6),  a  small  PoecUopod,  differing  from  the  recent 
king-crab  (LimtUus)  in  the  movable  condition  of  the  body- 
segments.    But  the  most  extraordinary  of  the  palaeozoic  Crus- 
tacea are  the  EurypteruSy  HimantoptervSy  and  Pterygotus  (fig. 
9,5),  from  the  Upper  Silurian  and  Old  Eed  Sandstone,  of 
which  some  far  surpassed  the  largest  living  lobster  or  king- 
crab  in  size.    They  have  been  considered  an  extinct  family, 
related  to  the  lAmuli  ;  or  as  the  representatives  of  the  larval 
condition  of  the  stalk-eyed  JUalacostraca :  but  the  following 
structures  shew  an  afiinity  to  the  Ostracoda.    Their  carapace  is 
comparatively  small,  with  compound  eyes  on  the  antero-lateral 
margins ;  the  body  segments  are  eleven  or  twelve  in  number, 
without  appendages,  and  terminated  by  a  pointed  or  bilobed 
taiL    Eurypterus  has  eight  feet ;  the  others  have  three  pairs 
of  limbs — viz.,  the  chelate  antennae,  the  foot-jaws,  and  the  na- 
tatory feeti  with  their  fin-like  palettes,  which  spring  from  the 
under  side  of  their  cephalo-thorax.    The  surface  of  the  body 
and  limbs  often  presents  a  pectdiar  imbricated  sculpture,  which 
caused  them  at  one  time  to  be  regarded  as  fishes  by  Agassiz. 
The  Pterygotus  'problemaiiaus  is  supposed  to  have  attained  a 
length  of  seven  feet>  and  some  of  the  others  were  a  yard  long. 
Crustacea  of  this  magnitude  may  have  formed  tracks  on  the 
sea-bed,  like  those  on  the  Potsdam  sandstone  of  America^ 
called  •'  Protichnites  "  (fig.  82),  subsequently  to  be  described. 


48  PALAEONTOLOGY. 


Order  Trilobites. 

CJtar. — Trunk  segments  trilobed  ;  sessile  compound  eyes  in 
most ;  limbs  aborted. 

The  great  family  of  Trilobites  is  entirely  confined  to  the 
palaiozoic  age ;  none  are  found  even  in  the  upper  coal  measures 
or  Permian  system.  Above  400  species  have  been  described, 
and  grouped  in  50  genera.  Of  these  46  are  Silurian,  22  De- 
vonian, and  4  carboniferous.  According  to  Bronn,  13  genera 
are  peculiarly  Lower  Silurian,  3  Upper  Silurian,  1  Devonian, 
and  3  carboniferous. 

The  skeleton  of  the  Trilobite  consists  of  the  cephalic 
shield,  a  variable  number  of  trunk-rings  or  segments,  and  the 
pygidium  or  tail  composed  of  a  number  of  joints  more  or  less 
anchylosed.  In  some  species  a  Idbrum  (or  "hypostome*^  has 
been  discovered,  but  no  indications  of  antennae  or  limbs  have 
ever  been  detected ;  still  there  can  be  no  doubt  they  enjoyed 
such  locomotive  power  as  even  the  limpet  and  chiton  exhibit 
when  requisite.  Variations  in  the  length  of  the  cephalic  and 
caudal  spines  {e.g^  in  Asaphus  caudatus  and  As,  l/mgi-cavdatus) 
and  in  the  prominence  of  the  head-lobes,  have  been  considered 
indications  of  difference  of  sex.  One  of  the  oldest  and  simplest 
forms  is  the  minute  Agnostus  (fig.  9,  n) ;  it  is  usually  found 
in  little  shoals,  with  only  the  cephalic  shield  preserved,  as  if  it 
were  the  larval  form  of  some  large  Trilobite.  According  to  the 
observations  of  M.  Barrande,  the  Sao  passes  through  twenty 
stages  of  growth,  being  first  a  simple  disc,  and  ultimately 
having  seventeen  free  thoracic  segments  and  two  caudal  joints ; 
the  additional  segments  are  developed  between  the  thorax  and 
abdomen.  The  Trinudeus  (fig.  9,  lo)  with  its  ornamental  bor- 
der, and  Illcenus  (fig.  9,  7),  in  which  the  trilobation  is  less  con- 
spicuous than  in  most  genera,  are  characteristic  of  the  Lower 
Silurian  strata.     Two  others  from  the  Wenlock  limestone  have 
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long  been  celebmted,  viz.,  CaJymene  (fig.  9,  9),  or  the  "  Dudley 
Trilobite,"  so  compactly  rolled  np;  and  Asaphtcs  (or  Phacops) 
caudcUus  (fig.  9, 8),  in  which  the  lenses  of  the  laige  eyes  are 
frequently  well  preserved,  and  visible  without  a  glass.  Each 
eye  has  at  least  400  facets,  and  in  the  great  Asaphus  tyrannus 
each  is  computed  to  have  6000.  In  one  species  {AsaphiLS 
Kovjoiewdcii)  the  eyes  are  supported  on  peduncles.  The  largest 
Trilobite  is  Asaphus  gigas;  some  of  the  fragments  indicate  a 
creature  eighteen  inches  long. 

Sub-class  2.— MALACOSTRACA. 

Char. — Body  divided  into  thoi-ax  and  abdomen,  with  seven 
segments  in  each. 

The  Isopods  are  represented  in  the  upper  oolite  by  Arch- 
cscniscus  Bradiceiy  which  is  gregarious,  in  large  numbers  in  the 
slabs  of  Purbeck  limestone;  and  in  the  Permian  system  by 
the  Prosapaniseus  (or  PaJceocrangon).  The  problematic  Pygo- 
eephalvSy  and  the  *^Apus  dvMuSy'  both  from  the  carboniferous 
strata,  are  doubtfully  referred  to  the  Siomapoday  and,  with  the 
exception  of  the  Gitocrangon  of  Richter,  are  the  oldest  of  the 
known  stalk-eyed  Decapods. 

Macrourous  Crustacea  are  of  constant  occurrence  through- 
out the  oolites  and  cretaceous  strata.  One  of  the  most  remai-k- 
able  forms,  Eryon  (fig.  10,  3),  is  found  in  the  lias  (with  the 
closely-allied  Tropifer  and  Coleia)  and  in  the  Oxford  clay. 
The  small  lobsters  of  the  genus  GlypheUy  in  the  oolytes,  and 
MeyeriOy  in  the  Speeton  clay  and  greensand,  are  commonly  the 
nucleus  of  hard  nodules  of  phosphate  of  lime.  The  laiger 
species  of  the  chalk  form  the  genus  Enoploclytia.  The  Oxfor- 
dian  oolite  of  Solenhofen,  with  its  finely-laminated  lithographic 
slates,  opens  like  a  book  filled  with  compressed  and  wonder- 
fully preserved  shrimps  and  lobsters.  One  of  them,  remark- 
able for  its  long  and  slender  arms  (MegachiiuSy  fig.  10, 4)  is  also 
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fouud  in  the  Oxford  clay  of  Wiltshire.  One  of  the  richest 
repositariea  of  fossil  Crustacea  is  the  Isle  of  Sheppy,  where 
the  "London  day"  has  afforded  countless  examples  of  the 
higher  oi^ganized  division,  including  nine  Brachyura,  three 
Anomura,  and  five  macrouroua  species.  The  island  of  Hainan, 
on  tlie  coast  of  China,  abounds  with  fossil  crabs  of  the  genus 
Maeropihalma,  which  are  sold  in  the  drug-market  of  Shanghae. 


Fig.  10, 
Onalacea ;  AntOida. 
I .  Dromilitea  Lamarckii,  Deiim. ;  London  Clai/,  Sheppy. 
1.  Notopocorjulea  StoVesii,  Miinl. ;   Gaull,  FolkealonB. 

3.  Eryon  urctironnis,  ScU. ;   Oxfordian,  Solenbofen. 

4.  Megachirnit  locueta,  Qennar. ;   Ox/orditm,  Solenhofen. 
;.  Cjpriden  tubercalala,  Sbj. ;    WaM,  SuiBei. 

6.  LoHcula  palchelU,  O.  B.  Sb;. ;  L.  Chalk,  Sussex. 

7.  Tentscalites oniatuB,  J.  Sbf. ;   U.  SUurvm,  Dudley. 

8.  Corauliles  serpalariuB,  Schl. ;   U.  Silurian,  Dudley. 

Others  are  found  in  the  miocene  of  Malta,  and  of  Perim  Island 
in  the  Bed  Sea.  Instances  of  secondary  Brachyura  are  no 
longer  open  to  douht ;  the  little  Etyus  Martini  (or  Reu^a)  is 
from  the  gault,  or  blue  marl,  and  Platypodia  Oweni  is  from  the 
white  chalk  of  Sussex;  Revssia  granosa  is  from  the  upper 
greensand  of  Cambridge ;  Stephantrnietopon  is  from  the  maes- 
tricht  chalk;  Cancer  scrobiculaius  &ad  GliphiOiyrcua  formosus 
are  from  the  planer  chalk  of  Mechlenbuig. 

The  anomonrous  Dromiopns  is  from  the  chalk  of  Faxo 
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island,  where  four  species  have  been  fuuud.  The  Clytia 
Leachii  of  the  chalk  period  has  been  beautifully  restored 
by  Eeuss.*  Pairs  of  chelate  claws  occur  in  the  upper  chalk 
which  are  referred  to  a  hermit-crab  (Mesostyltts  Faujasii). 
Small  Crustaceans,  resembling  in  form  the  living  CorysteSy 
abound  in  the  gault  (fig.  10,  i),  but  they  are  known  to  be 
anomourous  by  the  small  size  and  dorsal  position  of  the 
posterior  l^s,  and  by  the  little  plates  intercalated  between 
the  last  joints  of  the  tail,  as  seen  also  in  the  DromUites 
(fig.  10,  i)  fix)m  the  London  clay. 

Class  IV.— INSECTA. 

Char. — ^Body  chitinous,  articulated,  with  articulated  and  unci- 
nated  limbs ;  head  provided  with  jointed  antennae ; 
respiratory  system  tracheal. 

The  fossil  insects  hitherto  examined  have  afforded  no  new 
types  or  forms  of  unusual  interest.  The  oldest  known,  those 
from  the  lower  coal  measures,  resemble  the  Curculionidce  and 
BlaUidcB  or  Locustidce  of  the  present  day.  The  lias  limestones% 
have  afforded  a  greater  variety  to  the  persevering  skill  of  Mr. 
Brodie :  species  of  the  genera  BerosuSy  Elater,  GyrinuSy  Lacco- 
phUus,  and  MeloUmttiOy  and  undetermined  genera  of  the  fami- 
Ues  GaraindcBy  BupresLidcey  Chyrsomdidcey  and  Telephoridce  ; 
Panorpa-like  insects  of  the  genus  OrtkopJUebia ;  dragon-flies, 
Nepadce  and  Cimicidcey  dcadoy  and  the  dipterous  genus  Aailus, 
Next  in  age  is  the  insect  depositary  of  the  Stonesfield  slate, 
which  affords  the  large  wing-covers  of  Buprestis  Bucklandiy 
species  of  Prionvs  and  CocdndlOy  and  the  great  neuropteran 
Hemerobiaides,  The  Purbeck  limestone  has  supplied,  in  addi- 
tion, species  of  Cerylon  and  ColymbeteSy  Cyphoriy  HelophoruSy 
and  Limnitis;  and  examples  of  Staphylinidce,  CantharidcBy 
Harpalidcey  Hydrophilidcry  and  Tenebrionidcey  Libellula  and 

•  Transactions  of  the  Academy  of  Vienna,  vol.  vi.,  1863,  4to. 
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Phryganca,  AchetUy  and  Blatta,  Aphis,  Cercopis,  and  other 
Homoptera,  and  ten  dipterous  genera.  In  the  newer  pliocene 
fresh-water  formations  the  recent  Copris  lunaris  has  been  de- 
tected, and  the  elytra  of  Donacia  and  Harpalus.  The  principal 
foreign  sources  of  fossil  insects  have  been  the  lithographic 
slates  of  Solenhofen,  and  the  tertiary  deposits  of  Aix  in  Pro- 
vence, and  CEningen,  near  Constance,  on  the  Ehine.  Eemains 
of  species  of  Tinea  and  Sphinx  are  said  to  have  been  found  in 
the  lower  Jura^  and  of  a  diurnal  Lepidopteran  in  the  Molasse. 
Numerous  examples  of  insects  in  true  amber  have  been  ob- 
tained, and  much  more  abundantly  in  **gum  animi,"  a  more 
modem  fossil  resin.  These  are  all  unknown  to  entomologists, 
and  are  probably  extinct,  since  no  department  of  recent  natui-al 
history  has  been  so  closely  worked,  although  the  fossil  insects 
have  been  comparatively  neglected.  It  has  been  suggested 
by  Mr.  Westwood  that  the  lias  insects  have  a  sub-alpine 
character,  and  may  have  been  brought  down  by  torrents  from 
some  higher  region.  But  no  attempt  has  been  made  to 
shew  whether  these  or  any  other  group  of  fossil  insects  most 
•nearly  resemble  those  of  any  particular  zoological  province  of 
the  present  day.  The  **  indusial  limestone "  of  Auvergne  is 
supposed  to  be  built  up  of  the  fossilized  cases  of  caddis-worms 
{Phryganeidoe)'y  but  Mr.  Waterhouse,  the  only  entomologist 
who  has  visited  the  country  and  examined  the  formation, 
entertains  doubts  of  the  correctness  of  this  interpretation. 

Of  the  Myriapoda,  20  fossil  species  have  been  found,  com- 
mencing in  the  carboniferous  system  :  a  chilognathous  genus 
{Xyldbius),  allied  to  the  gellyworm  (JtUiis),  has  left  remains  in 
the  interior  of  a  fossil  tree  (SigUlaria)  in  the  coal  formation 
of  Nova  Scotia.  Of  the  ArachnidOy  131  species  are  catalogued ; 
the  earliest  and  most  interesting  of  these  is  the  fossil  scorpion 
{Gydopthalmus  senior)  of  the  Bohemian  coal  measures  (figured 
in  Buckland's  Bridgeioater  Treatise),  Fossil  spiders  are  found 
in  the  Solenhofen  slates  and  in  the  teiliarv  marls  of  Aix. 


MOLLUSGA.  53 


Province  in.— MOLLUSCA. 

Remains  of  the  TestaceOy  or  shell-beariDg  molluscous  ani- 
mals, are  the  most  common  of  all  fossils,  and  afford  the  most 
complete  series  of  '^  medals,"  or  characteristic  signs  for  the 
identification  of  strata.  The  duration  of  types  and  species,  as 
a  general  rule,  is  inversely  proportional  to  rank  and  intelli- 
gence. The  most  highly  organized  fossils  have  the  smallest 
range,  and  mark  with  greatest  exactitude  the  age  of  the  deposit 
whence  they  have  been  derived.  But  the  evidence  afforded 
by  shells,  if  less  precise,  is  more  easily  and  constantly  obtained, 
and  holds  good  over  larger  tracts  of  country. 

The  mollusca  are  soft  invertebrate  animals  with  one  or 
more  nervous  ganglions  below  the  gullet,  whence  nervous 
chords  proceed  to  form  a  collar  round  that  tube,  and  also  to 
radiate  to  other  parts  of  the  body ;  the  ganglions  developed 
on  these  chords  are  scattered,  in  most,  irregularly,  and  the 
form  of  the  body,  in  such,  is  unsymmetricaL  In  a  single  class 
{Cephalopoda)  the  muscles  originate  from  an  internal  rudimental 
cartilaginous  skeleton :  in  the  other  classes  they  are  attached 
to  the  skin,  or  to  the  calcareous  substance  developed  therein. 
The  blood  is  not  red,  and  is  usually  colourless :  the  heart  is 
a  muscular  organ  propelling  the  blood  through  a  system  of 
arteries  and  veins,  the  latter  being  more  or  less  in  the  form 
of  sinuses.  Tlie  respiratory  chamber,  whether  containing  gills, 
or  organised  as  a  lung,  opens  near,  or  receives,  the  anus ;  the 
intestine  being  bent  usually  forward  to  effect  that  relation. 
Such  is  the  grade  of  oiganisation  of  which  the  **'  lingula  flags*' 
and  ^Llandeils  rocks"  in  the  lower  SUurian  system  have 
yielded  evidence.  This  testimony  is  by  shells  :  most  of  the 
mollusca  are  so  protected.  The  shell  is  hardened  chiefly  by 
carbonate  of  lime  and  may  consist  of  one  or  two  pieces,  called 
**  valves  ;"  rarely  of  more. 
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Class  I.— BRACHIOPODA.* 

llie  nioUusks  of  this  class  are  so  called  because  the  chief 

moving  and  prehensile  parts  (fig.  U,d,f),  resemble  the  "  arms" 

of  some  polypes  :   they  are   spirally  disposed,  friuged   and 

ciliated,  and  may  answer  to  those  of  the  Bryozoa,  or  "  cilio- 

brachiate"  polypes.     The  soft  parta  are  protected  by  a  shell 

consisting  of  two  valves,  one  (tA.  d)  applied  to  the  dorsal,  the 

other  (v)  to  the  ventral  surface.     The  latter  lias  a  prominent 

notched  or  perforated  beak,  tlirough  which  in  most,  a  pedicle 

(ji)  passes,  to  attach  the  animal  to 

acme  foreign  body.   There  are  several 

pairs  of  muscles  (o,  p,  q)  for  opening 

'  and  shutting  the  shelL     This,  in  the 

first  order  of  the  class  {Arthropo- 

maia)'f   in   which   the   ahell-valves 

f.'\„  1]  are  articulated   together,  has  more 

WaldM«,i«fi,ve»cen.-       o^    'ess    the    shape    of    an    ancient 

roman  lamp. 
The  lamp-shells,  more  than  any  other  grouj),  have  suffered 
with  the  lapse  of  time.  Of  1300  known  species,  only  75  are 
living ;  and  of  the  34  genera,  the  lai^r  part  (21)  are  extinct. 
The  number  of  generic  forms  is  greatest  in  the  Devonian 
period  and  least  in  the  upper  oolites,  after  which  a  second  set 
of  new  types  gradually  appears.  The  preponderance  of  fossil 
Brachiopoda  is  contrasted  with  the  scarcity  of  the  recent  shells 
even  more  strongly  by  tbe  abundance  of  individuals  than  by 
the  number  of  species ;  for  the  living  shells  mostly  inhabit 
deep  water  and  rocky  situations  inaccessible  to  the  dre<%er, 
and  are  seldom  obtained  in  lai^e  numbers. 

Tlie  genus  Terebratida,  as  now  restricted  to  shells  with  a 
short  internal  loop,  musters  above  100  fossil  species,  of  which 

•  Gr.  brackgi,  nn  arm  ;  pout,  A  fool. 
■f-  Gr,  arthrot,  n  Jnint ;  poma,  «  tnht  or  lid. 
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only  one  survives  (T.  vUrea),  an  inhabitant  of  the  Lusitanian 
province.  The  Waldheimias,  or  Terebrattdce  with  long  loops 
(%.  11),  are  widely  distributed  in  our  present  seas,  although 
only  nine  living  species  are  known ;  individuals  of  one  or 
more  of  these  are  found  on  the  coast  of  Spitzbei^en  and  Lab- 
rador, at  Cape  Horn,  and  most  abundantly  in  New  South 
Wales  and  New  Zealand :  there  are  sixty  fossil  species  dating 
from  the  trias.  The  Terebratellas,  having  the  loop  fixed  to  a 
mid  ridge,  commenced  in  the  lias^  occur  in  small  numbers 
throughout  the  cretaceous  and  tertiary  periods,  and  are  the 
only  lamp-shells  which  attain  their  climax  in  recent  seas. 
Five  species  of  Argiope  occur  in  the  greensand,  chalk,  and 
tertiaries.  The  allied  genus  Theddium  is  represented  by  one 
species  in  the  carboniferous  and  one  in  the  triassic  system, 
becomes  comparatively  common  in  the  secondary  period,  and 
dwindles  again  to  a  single  species  in  the  newer  tertiary ;  this 
species  survives  within  still  narrower  limits  in  the  Mediter- 
ranean Sea.  The  sub-genus  TerebrattUina  is  represented  by 
twenty  species  in  the  secondary  and  tertiary  formations.  T. 
striata  of  the  chalk  is  so  like  the  recent  T.  caput  serpentis 
as  to  be  with  difficulty  distinguished  from  it.  Several  extinct 
sub-genera  occur  in  the  cretaceous  strata,  of  which  the  most 
remarkable  are  Trigonosemus  (fig.  12,  i)  and  Lyra^  shaped 
like  a  violin.  The  genus  Stringocephaltis  (fig.  12,  *)  is 
peculiar  to  the  Devonian  strata,  and  has  a  large  internal  loop, 
and  a  very  prominent  cardinal  process,  forked  at  the  end, 
and  fitting  over  the  central  plate  of  the  opposite  valve. 

The  sheU  of  Terebratula  and  some  of  its  allies  (Argiope^ 
ThectdiuMy  CyrtiOy  and  SpiH/erina)  is  dotted  with  minute 
quincuncial  perfomtions,  sometimes  visible  to  the  naked  eye, 
as  in  T.  lima,  but  usually  requiring  a  lens  of  low  power. 
They  are  smallest  in  T.  camea. 

The  lamp-shells  with  sharp  beaks  and  plaited  valves  have 
been  separated  from  the  TerebratiUcp  under  the  name  Rhyn- 
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clmulla  (Fiscli.)  Their  sliells  do  not  exliibit  the  punctate 
structure  under  a  magnifyiiig-^lass,  and  they  have  no  internal 
skeleton  to  support  their  anns,  which  in  the  recent  species  are 
coiled  lip  spirally,  and  directed  towards  the  concavity  of  the 
smaller  valve,  like  the  spires  of  the  extinct  Atrypa  (fig.  12,  7). 


^ 


Fig.  I!. 
BrtvAiopoda. 

I.  TrigonoMmiiH  Paliaitji,  Woodw.;   U.  Oraaceaui.  Ciply, 
I.  Stringoct^phftlus  Burtini,  DeFr. ;   Devonian,  Eifel. 

3.  SpinferastriBla;  Carboaifermu,  Brilain. 

4.  Cyrti'&  trapezoidftlis;   U.  Silurian,  Vxuihj . 

5.  Atbjris  Boiesji,  Lcr. :  Ciirboniferoui,  IrelauJ. 

6.  UnciieH  gryphus,  Schl. ;  Deeonittn,  Delgium. 

7.  Atrjpa  reticulariH,  1,. ;   U.  Silurian,  Malvem. 
S.  Penlaicerus  licvig  ;  Caradoe  S.,  Salop. 

Of  the  three  living  species  of  RkyjuJumdla,  one  is  found 
throughout  the  Arctic  Seas,  a  second  in  New  Zealand,  and  the 
third  at  the  Feejees  (?).  The  fossil  species  exceed  250,  and 
are  found  in  all  parts  of  the  world ;  those  from  the  palseozoic 
strata  may  prove  distinct  from  the  rest,  since  the  penuian 
species  are  known  to  be  provided  with  large  internal  processes 
{Camarophoria,  King).  Casts  of  these  shells  are  frequently 
impressed  with  the  narrow  and  angular  palho-vascular  impres- 
sions.    Tlie  extinct  genus  Airypa  differs  from  Rhynckoruila 
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soldy  in  having  calcareous  spires,  which  are  preserved  in 
many  instances,  and  may  be  cleared  to  some  extent  by  the 
application  of  acid.  The  foramen  is  separated  from  the  hinge- 
line  by  a  ddtidivm;  and  the  interior  of  the  valve  is  marked 
by  ovarian  and  vascnlar  spaces  exactly  as  in  Rhi/nchoneUa. 
The  lower  Silurian  rock  contains  another  genus,  Porarnbanites 
(Pander),  as  yet  imperfectly  understood,  but  having  the  valves 
marked  externally  by  impressed  dots,  which  are  not  perfora- 
tions. The  genus  PerUamerus  occurs  in  all  the  strata  below 
the  carboniferous  limestone,  and  is  remarkable  for  its  great 
internal  partitions,  causing  the  shell  to  split  readily  across  the 
middle ;  and  giving  rise  to  deep  incisions  in  those  casts  of 
the  interior  which  are  so  common  in  the  Caradoc  sandstone 
(fig.  12,  8). 

The  extinct  Spiriferidce  are  a  family  characterized  by  the 
possession  of  internal  calcareous  spires  extending  from  the 
centre  of  the  shell  outwards  (fig.  12,  3).  These  spires,  like  the 
shell  itself,  are  frequently  silicified,  and  may  be  disengaged 
from  the  matrix  by  the  action  of  acid.  At  other  times  the 
shell  is  imbedded  in  soft  marl,  removable  by  careful  washing, 
so  as  to  shew  the  calcareous  lamina  of  the  spire  fringed  with 
hair-like  processes,  formerly  the  support  of  cirri.  In  the 
genus  Spirifera  the  shell  has  a  long  straight  hinge-line,  and  the 
flattened  area  of  the  larger  valve  has  a  deltoid  byssal  notch.* 
The  typical  species  are  characteristic  of  the  palaeozoic  strata, 
and  have  a  shell-structure  like  Rhynchonella.  The  liassie 
species  {SpiriferinOy  d'Orb.),  have  punctate  shells,  and  the 
byssal  opening  is  closed  (at  least  in  the  adult)  by  a  thin 
arched  plate  or"pseudo-deltidium."  In  the  sub-genus  Cyrtia 
(fig.  12,  4)»  the  hinge-area  is  ultimately  as  long  as  it  is  wide, 
and  the  deltidium  is  perforated  in  the  centre  by  a  byssal 

*  The  term  deltidium,  applied  bj  Von  Buch  to  this  foramen,  has,  by  raiscon- 
c<fption  of  his  meaning,  become  constantly  used  for  the  plates  which  partially 
close  it. 
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tube ;  some  of  the  species  have  a  punctate  shell.  The  genus 
Aihyris  (Dalman),  not  always  easily  distinguished  from 
Terebratula,  has  usually  a  smooth  and  rounded  shell,  orna- 
mented with  concentric  lamellae  or  wing-like  expansions 
(fig.  12,  s);  the  beak  is  truncated  by  a  round  foramen;  the 
hinge  area  is  obsolete ;  and  the  spires  are  as  in  Spirifera^  with 
the  addition  of  some  further  complications  near  the  hinge. 
There  are  twenty-five  species,  mostly  fi-om  the  Devonian  and 
carboniferous  rocks.  The  species  of  Retzia  (King)  are  still 
more  like  plaited  Terebratulcey  but  have  lateral  spires ;  they 
range  from  the  Silurian  strata  to  the  trias.  Uncties  gryphtts^ 
(fig.  12,  6),  a  peculiar  Devonian  fossil,  has  a  prominent  beak, 
perforated  in  the  young  shell  by  a  minute  apical  foramen ; 
the  hinge-area  is  filled  up  by  a  deeply  concave  deltidium,  on 
each  side  of  which  (but  only  in  some  specimens)  there  is  a 
lateral  pouch  formed  by  an  inflection  of  the  margin  of  both 
valves. 

The  family  Orthidce  consists  of  shells  with  a  straight  hinge- 
line,  bordered  by  a  flat,  narrow  area,  with  a  central  notch  in 
each  valve ;  the  ventral  valve  is  furnished  with  articulating 
hinge-teeth,  and  the  dorsal  valve  has  short  processes  for  the 
support  of  the  oral  arms,  which  appear  to  have  been  horizon- 
tally spiral  (as  in  Airypa),  Between  the  oral  processes  there 
is  a  central  projection  for  the  attachment  of  the  cardinal 
muscles.  Intenial  moulds  of  the  Orthis  (fig.  13,  i)  exhibit  on 
the  ventral  side  the  single  attachment  of  the  adductor  muscles 
in  the  centre,  and  on  each  side  of  it  the  cardinal  muscles ; 
these  are  surrounded  by  the  punctate  ovarian  spaces  and 
impressions  of  the  large  pallial  sinuses.  The  genus  Orthis 
includes  ]00  species,  ranging  upwards  to  the  Permian,  but  it 
is  most  abundant  in  the  Silurian  rocks.  Some  of  the  lower 
Silurian  species  have  a  round  foramen  in  the  "  pseudo-delti- 
dium,"  and  are  called  Orthisince  (d'Orb.)  Other  species  in  the 
upper  palaeozoic  rocks  have  the  beak  twisted  or  deformed, 
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probably  owing  to  the  attachment  of  the  shell  when  young 
{==  Streptorhyndius,  King).  In  Strophamena,  Bafin  (  ^L^UenOy 
r)alm,  fig.  13,  i),  there  is  a  minute  byssal  foramen  when  young, 
of  which  no  trace  exists  in  the  adult ;  and  the  deltoid  notch  is 
also  closed,  except  the  space  required  to  receive  the  divided 
cardinal   process  of  tiie   dorsal  valve.     The   oral   processes 


I.  OrthiB  hysterita,  L.  (cast);  Dtvonian,  Rhine. 

a.  Daridsonia  Veraenili,  Boucli. ;  Devonian.  Eifel. 

}.  Strophmnena  rhomboidalis,  Wahl. ;   U,  iSiZurian,  Dudley. 

4.  Prodncta  Mmireliculala,  Msrlin  ;   Carboniferout,  Derbyshire. 

5.  ChoneteB  8trial«lla,  Dalm. ;   U.  Ludlou  rode,  Herefordshire. 

6.  Calceola  sandalina.  Lam. ;  Btponian,  Eirel. 

7.  Obelus  Apollinin,  Eicbw.;  L.  Stivrian,  Northern  Europe. 
t.  Siphonotreta  DDguiculala,  Ecfav. ;   U.  Silurian,  Briluin, 

appear  to  ■  be  shifted  to  the  centre  of  the  valve.  The  shell, 
when  young,  is  plano-convex,  but  when  it  has  attained  a  certain 
size  the  valves  are  bent  over  to  one  side  or  the  other,  and  more 
or  less  suddenly.  The  pallial  impressions  are  the  same  as  in 
Orthis. 

The  genus  Davidsonia  (fig.  13,  *),  peculiar  to  the  Devonian 
limestones,  resembles  an  Ortkis  attached,  like  Tkeddiwm.,  by 
the  ventral  valve  to  corals,  and  sometimes  taking  the  mark- 
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ings  of  the  body  on  which  it  gix)ws,  like  the  oyster  and 
Anomioe,  The  pallial  impressions  are  like  those  of  Orihis, 
and  the  form  of  the  spiral  arms  is  indicated  by  prominences 
which  almost  fill  up  the  interior  of  the  shell  in  aged  examples. 
Some  indications  have  been  obtained  of  slender  calcareous 
spires  for  the  support  of  the  arms  in  this  genus  ;  and  also  in 
Koninckiay  a  small  shell  from  the  trias  of  St.  Cassian,  in  which 
there  are  always  spiral  grooves  in  the  interior  of  the  valves 
crossed  by  the  impressions  of  the  pallial  sinuses. 

The  anomalous  fossil  called  Calceola  sandcdina  (Lam.,  fig. 
13,  ^  is  also  peculiar  to  the  Devonian  limestones.  In  shape 
it  resembles  Gyrtiay  but  has  no  hinge,  and  neither  foramen  nor 
internal  processes,  except  a  row  of  small  projections  along  the 
hinge-line,  and  two  small  lateral  groups  of  ridges  in  the 
smaller  valva  The  interior  is  punctato-striate,  but  has  no 
recognisable  muscular  markings. 

The  Prodv/stidcB  are  altogether  palaeozoic  fossils,  and  most 
abundant  in  the  carboniferous  limestones.  Their  valves  are 
concavo-convex,  the  hinge-line  is  straight,  and  the  interior 
is  marked  with  simple  vascular  spaces,  and  with  distinct  im- 
pressions of  the  muscles  for  opening  and  closing  the  valves. 
There  are  60  species  of  Producta  found  in  the  upper  palaeozoic 
rocks,  having  a  very  wide  range  in  North  and  South  America, 
and  dispersed  from  Spitzbei^n  to  Thibet  and  Tasmania.  Some 
of  them  are  extremely  variable  in  form;  many  are  armed  with 
long  tubular  spines,  and  others  completely  clothed  with  short, 
hair-like  processes ;  they  have  no  hinge-teeth,  and  the  hinge- 
area  is  extremely  narrow,  except  in  the  sub-genus  Avlosteges  of 
the  Bussian  zechstein.  Prod/acta  prdbosddea  has  its  convex- 
valve  prolonged  into  a  tube,  as  if  for  the  constant  supply  of 
respiratory  currents.  The  Permian  genus  StrophaJosia  hs^a  its 
valves  articulated  by  hinge-teeth,  and  covered  with  long  and 
slender  hollow  spines ;  the  shell  is  attached  when  young  by 
the  umbo  of  the  large  valve.     Chonetes  (fig.  13,  s)  is  distin- 
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guished  firom  Prodtusta  (ib.  4)  by  a  row  of  spines  along  the 
hinge-margin  of  the  convex-valve ;  it  also  has  a  narrow  hinge- 
area  with  a  covered  notch,  and  small  hinge-teeth.  There  are 
25  species  in  the  Silurian  and  carboniferous  strata,  usually  of 
small  size,  and  finely  striated 

In  the  order  Lysopomata*  the  bell-valves  are  inarticu- 
lated,  and  in  most  are  not  completely  calcified.  Crania  is 
one  of  the  oldest  living  types,  ranging  upwards  from  the 
lower  Silurian.  One  of  the  earliest  species  appears  to  have 
been  unattached,  and  another  to  have  had  hinge-teeth. 
Crania  Ignabergensi^  of  the  chalk  of  Sweden,  has  the  valves 
externally  alike,  being  attached  only  when  very  yoimg.  The 
internal  markings  of  (7.  arUiqua^  and  other  fossil  species,  are 
remarkably  grotesque.  Lower  valves  of  this  genus  and  of 
Thecidium  are  not  uncommon,  attached  to  the  tests  of  sea- 
urchins,  in  the  chalk ;  but  upper  valves  are  scarce,  either 
detached  or  in  siiu. 

The  DisdnicUe  are  few  in  number ;  many  are  of  ancient 
date,  but  they  appear  in  every  period.  Some  of  the  palaeozoic 
DiscincB  (=  OrlicuUndea,  d'Orb.)  cannot  be  genericaUy  distia- 
guished  from  the  recent  species  by  any  characters  with  which 
we  are  as  yet  acquainted;  but  others  (^7Ve?7ia^is,Sharpe)  are 
ornamented  with  quincimcial  punctures,  and  the  casts  exhibit 
indications  of  diverging  internal  plates,  which  imply  very 
considerable  difference  in  the  organization  of  the  animal  The 
genus  Siphmotrda  (Vemeuil,  fig.  13,  8),  peculiar  to  the  Silurian 
formations,  is  covered  with  moniliform  tubular  spines. 

LingtUa,  which  has  given  its  name  to  one  of  the  oldest 
fofisiliferous  rocks,  is  another  form  occurring  unchanged  in 
strata  of  every  period.  Only  34  species  are  known,  and  none 
of  them  are  very  conunon.  The  latest  British  Lingula  is 
found  in  the  coralline  crag  (older  pliocene)  of  Suffolk ;  the 
nearest  living  si)ecies  is  as  far  off  as  the  Philippines.    X. 

*  Gr.  lyOt  to  loosen  ;  pomOf  valve. 
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DaviMi,  of  the  "  lingula  flags"  ic  Korth  Wales,  has  a  pedicle 
groove  in  the  ventral  valve,  by  which  the  posterior  adductor 
(or  cardinal  muscle)  must  have  been  divided  into  two  elements, 
as  in  the  genus  Oholus  (fig.  IS,  7);  externally  it  has  all  the 
appearance  of  an  oi-dinary  existing  shell  From  the  fragments 
of  Lirtgula  in  the  lower  Silurian  stiper  stones  of  Shropshire, 
they  appear  to  belong  to  a  species  distinct  from  L.  Davisii. 
Obolua,  Eichw.  {^Ungvla,  Pander)  is  so  abundant  in  the 
lower  Silurian  sandstones  of  Sweden  and  Bussia  as  to  have 
given  its  name  to  the  "  obolite  grit."  In  England  it  occurs 
only  in  the  upper  Silurian  of  Dudley.  The  shell  is  homy  in 
texture,  and  often  stained  blue,  like  the  Linguia,  by  the  pre- 
sence of  phosphate  of  iron.  In  shape  it  is  regularly  oval,  and 
differs  from  LtTigula  in  the  character  of  the  internal  muscular 
impressions. 

Class  II.— LAMELLIBRANCHIATA.' 

This  class  is  so  named  because  the  breathing  organs  (fig. 
14^  ^)  are  shaped  like  leaves  or  plates,  two  on  each  side,  de- 
pendent from  the  inner  siuface  of  the  mantle-lobes  (n,  h).    The 


Fig.  U.  b 

Ad  in  mobia  fiorida . 

mouth  is  provided  with  ciliated  tentacles  {ib.  k)  usually  much 

shorter  than  in  the  Brachiopuda,  like  which  the  present  class  is 

acephalous.     A  few  genera  are  fixed  either  by  a  soldered  valve 

*  Lamdia,  n  plate  ;  branehia,  a  gill. 
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or  a  byssus,  moat  are  free  and  locomotive ;  in  these,  the  foot 
(tft.  e)  is  a  muscular  body  developed  from  the  ventral  surface 
of  the  visceral  mass.    Where  the  foot  is  well  developed  and 
the  muscular  power  frequently  exercised,  the  breathing  appar 
ratus  is  usually  complicated  by  distinct  muscular  tubes  or 
"  siphons,"  one  (jb.  y)  for  the  entry,  the  other  {g)  for  the  exit 
of  the  respiratory  currents  of  water.     One  valve  of  the  shell 
is  applied  to  the  right,  the  other  to  the  left  side,  of  the  body, 
the   valves   being   articulated   by   interlockii^   parts   called 
"teeth,"  and  by  elastic  fibres  called  the  "ligament"  at  the  part 
of  the  shell  called  tiie  "  hinge"  (fig.  16).     The  valves  are  also 
attached  to  each  other  by  one  or  two  muscles,  called  "  adduc- 
tors," because  they  pull  the  valves  together  and  close  the 
shelL     In  this  ope- 
ration they  squeeze 
the  ligament,  which, 
by  its  elasticity  re- 
opens the  shell  on 
the    relaxation    of  p 
tiie  muscular  action. 
Each    valve    is    a 
cone,  shewing  every 
grade  of  depth  from 
the  flat  plate  of  the 

Placuna  to  the  pro-  Fig,  15. 

duced      and     spiral  Cytherm  cMmt. 

cavity  of  Isoeardia 

and  Diceras;  it  is  commonly  shallow,  with  the  apex  or 
umbo  (fig.  15)  turned  to  one  side  and  directed  forward. 
Place  a  bivalve  shell  in  the  position  of  the  Gytherea  (fig- 
16),  and  the  direction  of  the  umbo  determines  A  as  the 
anterior  border,  and  P  as  the  posterior  one;  the  upper 
or  dorsal,  and  the  lower  or  ventral  border,  are  as  marked 
in  the  cut.     The  length  of  the  shell  is  taken  from  A  to 
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P ;  its  height  or  breadth  at  right  angles  from  the  dorsal  to 
the  ventral  border  ;  its  thickness  is  measured  across  the  closed 
valves,  at  the  most  prominent  part  from  the  right  to  the  left 
side.  Transfer  yourself  in  imagination  within  the  shell  (fig. 
15),  with  your  head  towards  A  and  your  back  towards  the 
dorsal  border,  and  you  will  recognise  the  valve  figured  as  the 
right  valve.  Anterior  to  the  unibo  there  is  usually  an  oval 
depression,  forming  a  concavity  in  the  outline  of  the  valve  ; 
it  is  called  the  luntde.  The  hinge  ligament  is  sometimes 
between  the  urribonesj  never  anterior  to  them.  If  the  shell  be 
divided  by  a  line  dropping  from  the  apex  of  the  umbo  into  an 
"anterior"  and  *' posterior"  part^  it  is  never  equally  divided ; 
in  other  words,  it  is  xmequilateral.  Pectunculus  is  least  so  ; 
in  Olycyvieris  and  Solmnya  the  anterior  moiety  is  longer  than 
the  posterior  one  ;  in  almost  all  other  Bivalves  it  is  shorter, 
as  in  Cytherea ;  commonly  it  is  much  shorter;  Most  Lamelli- 
branchs  are  equivaJvc  ;  that  is,  the  right  and  left  valves  are  of 
the  same  size  and  shape,  as  in  Cytherea  (fig.  1 5).  The  exceptions 
occur  in  the  stationary  and  often  fixed  species,  which  lie  on 
one  side  ;  when  the  lower  valve  is  deeper  and  more  capacious 
than  the  upper  one.  This  lower  valve  in  the  oysters  {Ostrea\  in 
PandorOy  and  Lyonsia^  is  the  left  valve ;  the  smaller  and  flatter 
upper  valve  is  the  right  one.  In  Chamostrea  and  Corhda  the 
left  is  the  smallest  valve.  The  Placunce,  Pectines^  Span- 
dyli,  and  Avicvlidce  rest  on  the  right  valve  ;  the  Arumiioc  are 
attached  by  degenerated  muscular  fibres  passing  through  a 
hole  or  notch  in  that  valve  to  a  more  or  less  calcified  lamellar 
plug.     All  these  shells  are  called  inequivalve. 

The  bivalve  is  called  close  when  the  valves  fit  accurately  ; 
it  is  gaping  if  part  of  the  borders  do  not  come  into  contact 
when  the  shell  is  shut.  In  Gasirochcena  this  permanent 
opening  is  anterior,  and  serves  for  the  passage  of  the  foot. 
In  Mya  it  is  posterior,  and  ser\'es  for  the  passage  of  the 
byssus  ;  in  Solen  and  Glycy metis  the  shell  gapes  at  both  ends. 
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These  and  other  particulars  are  noted  in  the  description  of 
fossil  shellSy  and,  when  their  inner  or  nacreous  layer  is  pre- 
serv^ed,  its  impressions  reveal  the  organization  of  the  ancient 
fabricator  and  Occupant  as  truly  as  do  the  processes  and 
joinirfimrfaces  of  fossil  bones  that  of  the  extinct  vertebrate 
animal  To  aid  the  young  Palaeontologist  in  acquiring  this 
essential  knowledge  for  the  successful  study  of  fossil  Bivalves 
tJie  chief  impressions  are  named  in  the  subjoined  figure  of  the 
internal  surface  of  the  left  valve  of  the  shell  of  a  CyOurcea 
(fig.  16).  When  two  adductors  are  present,  as  in  the  bi- 
valves thence  called  **  dimyaiy,"  they  leave  the  **  anterior*  and 
''posterior  muscular  impressions  ;**  when  one  adductor  only 
exists,  it  answers  to  the  posterior  muscle,  but  is  more  central 
in  position  (fig.  17,  i).  The  oyster  is  a  familiar  example  of  such 
**  monomyary"  bivalve.  When  the  **  pallial  line'  or  **  impres- 
sion^ extends  in  an  unbroken  curve  firom  the  anterior  to  the 
posterior  muscular  impressions  (fig.  20,  4),  it  may  be  inferred 
that  the  inhabitant  of  the  tuf»mM^ 

shell  had  either  no  siphon, 
or  a  very  small  or  a  non- 
retractile  siphon;  when 
the  line  is  bent  towards 
thecentrebefore  it  reaches 
the     posterior    adductor 
(figs.  16,  20,  8),  the  pre- 
sence of  aretractile  siphon 
is   indicated,  this  notch 
being  occupied  by  the  re- 
tractor muscle  of  that  part.  *^*     ' 
^Vhen  a  foot  is  present,              ^^**'^  ^*^'  ^'  ~^«- 
its  retractor-muscles  usually  leave  recognisable  marks  on  the 
interior  of  each  valve.    The  siphons  in  some  of  the  elongated 
IndvLsa  cannot  be  retracted  into  the  shell ;  they  are  conse- 
quently exposed,  as  in  Psammobia,  fig.  14,  ^,  g\  and  Pholas; 

F 
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such  species  derive  extrinsic  shelter  by  burrowing  in  sand  or 
stone.  The  mantle  is  that  portion  of  the  skin  of  the  Lamelli- 
branch  which,  after  investing  the  viscera^  gills,  and  foot,  is 
reflected,  ventrad,  in  the  form  of  plates  and  *'  lobes''  (fig.  14,  aJ) 
to  line  the  shell  which  it  has  formed,  and  be  produced,  when 
needful,  into  breathing-tubes. 

More  than  a  third  part  of  the  known  fossil  shells  are 
the  ordinary  bivalves  of  the  leaf-gilled  class.*  They  amoimt 
to  nearly  6000,  while  the  recent  species  scarcely  exceed 
half  that  number.  Nevertheless  it  is  a  group  which  attains 
its  maximum  in  the  present  seas.  The  genera  axe  seven  times 
more  nun^erous  in  the  newer  tertiary  than  in  the  oldest  geo- 
.  logical  system ;  and  the  number  of  species  found  in  the  entire 
Silurian  series  is  less  than  100,  while  the  chalk  contains  500, 
and  the  miocene  800.  Out  of  150  genera^  35  have  become 
extinct^  besides  numerous  sub-genera.  The  families  Cyprir 
mda^  Astartidcd  and  Anatinidce,  have  pass^  their  maximum ; 
the  TrigomadoB  are  nearly  extinct;  and  the  HippuritidcB  have 
no  living  representatives. 

The  monomyary  bivalves,  and  others  with  an  open  mantle, 
attain  a  degree  of  importance  at  an  early  period ;  and  with 
them  some  of  the  burrowing  families  {Myacidm  and  Ana- 
tinidce) ;  while  the  highest  oi^ganized  siphonated  shells  (e.^., 
Veneridce  and  TelUnidce)^  imknown  in  the  older  rocks,  are 
most  abundant  now. 

The  family  OstreidcBy  distinguished  from  the  Fectens  and 
AnamicB  by  resting  on  the  left  valve,  contains  two  fossil  forms. 
Of  these,  Exogyra  resembles  an  oyster  with  spiral  umbories, 
directed  backward,  or  to  the  left  hand ;  it  is  an  attached  shell, 
characteristic  of  the  cretaceous  strata.  The  genus  Qryphcea 
(fig.  18,  x)  abounds  in  the  oolites,  and  is  gregarious,  but 
unattached,  the  umbo  of  the  larger  valve  being  curved  inward 
like  a  claw.    A  single  Ostrea  occurs  in  the  carboniferous  lime- 

*  Aefyhales  TettacSSf  Cuv.  Oonehifera  of  Lamarck  and  DeshayeB. 
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stone,  aft«r  which  the  species  become  abafldant,  and  are  with 
difficulty  distinguishable  from  the  smooth  and  plaited,  or 
*  cocka-comb,'  oyster  of  the  present  day. 

Several  carious  modifications  of  Anomia  and  PUuutui 
hsTe  been  obtained  in  a  foesil  state.  Limattotnia  (Snuchard) 
has  ears  like  I/ima,  and  is  attached  to  shells  and  corals  of  the 
Devonian  age.     Plaeunopait  (M.  and  L),  found  in  the  oolites, 


I.  AnculopecteD,  tp. ;  Carboniferous,  Betginin. 

1.  Posidonoin;*  Becheri  ;  f^boniferoiu,  Heaee. 

J.  AtDboDjchin  vetiuta,  Sbj. ;  CarioKifennu,  Belgium. 

4.  Mjalina  Goldfiun,  Dkr. :  Carbont/eroat,  Viae. 

{.  CtenodoDta  cuoesta.  Hall ;  L.  SSuriam,  Csnada. 

6.  If  rodesma  plana,  Conrad ;  L.  SQMritm,  Hudaon  Kter. 

7.  Ajdnoa  obMnnu,  Sbj. ;  Ifagtienan  limttioiu,  Dnrham. 

8.  Conocwdiom  annatum,  Ph. ;   OarboHifeTOtit,  Toarnaj. 

9.  PleDTophoraa  coatatQB,  T.  Br. ;  ifagneiian  limalone,  Ehirham. 
■o.  Ononmraia  cingnUt*,  His. ;  LudloiB  rodu,  Kendal. 

II.  Bdmondia,  Bp. ;  Carbottiferoiu,  Belgian). 

has  a  transverse  ligamental  groove,  which,  like  the  umbo  of 
the  upper  valves  is  someway  within  the  margin  of  the  shell. 
And  Carolia  (Cantr.),  a  tertiary  form  of  Plamina,  has  a  bj-Hs^I 
plug  passing  through  a  foramen  like  that  of  A7iomw-Kh.en 
young,  hat  closed  in  the  adult. 

Fossil  Peclinida:  are  very  numerous.     Some  of  them  in  the 
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carboniferous  limestone  (e.^.,  P.  Sowerhyi)  cannot  be  distin- 
guished generically  fix)m  the  living  Pectens,  and  retain  diverg- 
ing bands  of  colour.  But  the  greater  part  of  these  old  species 
are  somewhat  aviculoid  in  form  (fig.  17,  x),  and  their  hinge- 
area  is  grooved  with  cartilage-furrows,  like  those  of  Area. 
The  most  beautiful  forms  occur  in  the  chalk  and  greensand, 
and  resemble  the  recent  scallop  {Janira^  Schum.)  in  the 
inequality  of  their  valves,  but  are  further  characterized  by  the 
possession  of  articulating  hinge-teeth  like  Spondylus.  These 
constitute  the  genus  Neithea  (fig.  18,  »).  Plicatulce  exist  in 
the  trias  and  oolites,  along  with  shells  referred  dubiously  to 
Hinnites  and  Spondylus,  True  Hinnites  (a  sub-genus  of 
Pecten)  are  characteristic  of  the  miocene.  Spondyli  appear  in 
the  greensand  and  chalk.  Some  of  them  (like  the  so-called 
** Plagiostoma  8pino9um^  are  unattached;  others  resemble 
the  recent  deep-water  8,  Ovssoniiy  and  have  been  called 
"  Dianchorae.*  The  inner  layer,  including  the  hinge  of  these 
shells,  is  seldom  preserved.  Lima  proboscidea  first  appears 
in  the  lower  oolite,  and  reappears  in  the  great  oolite,  and  in 
the  Kelloway  rock.  Lima  duplicoM,  and  some  other  oolitic 
species,  have  two  ranges  of  little  hinge-teeth,  but  not  like 
those  of  the  recent  species  of  LimoMi.  The  large  and  smooth 
or  striated  limas  of  the  oolites  have  been  called  Plagiostomay 
a  name  originally  given  by  Ilhwyd. 

The  pearl-oysters  (Aviculidce)  are  also  veiy  abundant 
fossils  :  but  owing  to  the  frequent  repetition  of  similar  forms, 
it  is  difficult  to  determine  the  genera  with  any  degree  of  cer- 
tainty by  the  aid  of  external  characters  alone.  The  Silurian 
species  mostly  belong  to  the  genus  Pterinea  (Goldfuss,)  and 
are  broadly  winged,  and  have  the  hinge-area  striated  length- 
wise, and  a  few-diverging  hinge-teeth.  Amhonychia  (Hall) 
resembles  Inaceramus^  and  ranges  from  the  Silurian  to  the 
carboniferous  strata  (fig.  17,  3).  The  silurian  genus  Cardiola 
is  ridged  like  a  cockle  ;  and  Posidonomyoy  which  is  found  in 
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aU  the  paleeozoic  rocks,  is  veiy  tbin  and  concentrically  fur- 
rowed (fig.  I7,  »).  Many  other  genera  have  been  proposed  whose 
characters  are  even  more  imperfectly  understood.  Monatis 
(jSaiinarius)  one  of  the  common  shells  of  the  trias,  has  no 
anterior  ear.  Pteropema  (Lycett),  on  oolitic  fonn,  has  a 
winged  shell,  with  aumerous  small  anterior  teeth  and  long 
posterior  laminee.     The  genus  Oermllia  (fig.   18,  4),  ranging 


I.  Qiyphaea  krcaaU,  Lam.;  Liat,  Cb&nnoiitli. 

».  Pootan  (Neithea)  quiDquecosUla,  Sby. ;  Chtdi,  Sqsmi. 

3.  PnIvlDites  AdBDHani,  Defr,  (intenial  moald)  ;   CoraUian,  Rochelle. 

4.  GervillU  ftnceps,  Dh. ;  L.  Qreentand,  Isle  of  Wight. 

5.  InoceramnR  snlcatnB,  Paik. ;   Qmdt,  Folheatone, 

6.  CdcdIIkb  (HacrodoD)  HiraoDenBia,  D'Arch, ;  Oreat  Oolite,  Hin- 


7.  botrcs  cordifonnis,  Scblolh. ;  Coralliait,  HBtlheim, 
S.  M^rophoria  decnuata,  Miint. ;  3Hm,  S.  Caui'an. 

from  the  carboniferoua  limestone  to  the  challc,  consists  of  elon- 
gated shells,  with  several  cartilage-pits  in  the  ligamental  area. 
Bakrtpeilia,  found  in  the  Fennian,  has  an  anterior  muscular 
impression  like  Area.  The  recent  genus  Pema  commenced 
in  the  lias  or  preceding  formation,  and  exhibits  great  variety 
of  shape.  Fulviniiet  Adanaonii  (fig.  18,  3)  appears  to  have 
been  a  Pema  with  a  byssal  foramen  like  Anemia ;  and  Inoee- 
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ramvs  (fig.  18, 5),  characteristic  of  the  cretaceous  strata  and 
oolites,  differs  from  Pema  chiefly  in  form,  the  larger  valve 
being  sometimes  completely  involute,  and  resembling  a 
Nautilus,  The  genus  Pinna,  which  appears  to  belong  to  this 
family,  although  provided  with  two  adductor  muscles,  occurs 
fossil  in  the  Devonian  and  all  subsequent  strata.  Some  of  the 
oolitic  species,  distinguished  by  the  name  Trichites,  are  inequi- 
valve  and  irregular,  and  attain  a  thickness  of  more  than  an 
inch,  resembling  mineral  masses  of  fibrous  carbonate  of  lime. 

Amongst  the  mussel-tribe  {Mytilidm)  are  many  Silurian 
species  distinguished  by  their  large,  round,  anterior  muscular 
scar  {Modiolopsis,  Hall),  and  others  which  have  a  straight 
hinge-line  and  plaited  valves  {OrthonotuSy  Conrad).  Myalina 
has  the  cartilage-groove  repeated  (fig.  17,  4),  and  is  found  in 
the  upper  palaeozoic  rocks.  Sometimes  the  anterior  adductor 
is  supported  on  a  shelf,  as  in  the  recent  Septifera  and 
Dreissena.  True  MytUi  and  Modiolce  abound  in  the  oolitic 
strata.  Dreiss&na,  now  confined  to  the  rivers  of  the  Aralo- 
Caspian  region,  or  only  naturalized  in  Western  Europe,  was 
represented  by  many  species,  and  some  of  large  size,  in  the 
eocene  of  Hampshire  and  miocene  of  Vienna. 

Fossil  Arcadce  are  far  more  numerous  than  the  recent 
shells,  and  mostly  belong  to  the  division  GucuHasOy  of  which 
a  single  species  survives  in  the  Coral  Sea.  The  palaeozoic 
Arks  have  anterior  teeth  like  Arca^  and  posterior  teeth  like 
CvAyullceay  and  diflfer  from  both  in  the  reduction  of  the  hinge- 
area  to  a  narrow  tract  corresponding  with  the  posterior  half 
only  in  the  recent  sheUs.  The  casts  of  Ark-like  shells  in  the 
Silurian  rocks  are  farther  distinguished  by  a  deep  fmiow 
behind  the  fix)nt  muscular  impression.  These  constitute  the 
genus  Gtenodonta  (Salter),  which  has  hinge-teeth  like  NucuUi, 
and  a  prominent  external  ligament  (fig.  17,  5).  Some  of  the 
oolitic  Arks,  with  a  byssal  sinus,  and  the  posterior  teeth  very 
long  and  parallel,  form  a  sub-genus  called  Macrodon  (fig.  18,  6). 
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Others,  with  piominent  umbones,  teeth  like  Nucida^  and  a 
striated  ligamental  area,  form  the  geniis  Isoarca  of  Miinster 
(fig.  18,  7).  Above  200  species  of  Nucvia  and  Leda  are 
known  only  as  fossils,  and  range  through  all  the  rock  systems. 
The  palaeozoic  species  are  anomalous  in  form,  and  when  better 
understood,  will  certainly  be  considered  distinct  as  genera. 
Yoldia  is  a  newer  tertiary  form  characteristic  of  high  northern 
latitudes ;  and  SoUneUa  occurs  fossil  in  Patagonia  and  New 
Zealand.  The  problematic  genus  SoUmya  is  supposed  to 
have  existed  in  the  carboniferous  period.  Pedwnculi  appear 
first  in  the  cretaceous  strata,  being  less  ancient  than  LimopsiSy 
which  occurs  in  the  Bath  oolite.  A  member  of  the  latter 
genus  found  in  the  Belgian  eocene  has  the  ligamental  area 
entirely  hehind  the  cartilage-pit,  and  is  called  NucuneUa  by 
d'Orbigny.  The  ^  Stalagmium^  of  Conrad  {^^MyoparOy  Lea) 
is  identical  with  Crendla  (T.  Br.),  a  sub-genus  of  Moduda, 
found  in  the  cretaceous  and  tertiary  strata. 

The  TriffoniadcB  are  represented  in  the  lower  Silurian 
strata  by  Lyrodestna  (fig.  17>  6),  a  shell  with  several  radiating 
hinge-teeth,  striated  transversely ;  and  in  the  upper  palaeozoics 
by  Axinus  (fig.  17,  7)  and  several  other  imperfectly-known 
genera.  Aodnus  occurs  in  the  magnesian  limestone  of  Durham, 
and  in  the  permian  (with  Tv/rbo  and  Rissoa)  at  Garford,  near 
Manchester.  The  trias  contains  true  Trigomce  associated 
with  the  genus  Myophoria  (fig.  18,  8),  which  has  the  umbones 
turned  forwards,  and  a  posterior  hinge-tootL  The  only 
member  of  this  family  which  has  yet  been  found  in  tertiary 
strata  is  the  little  genus  Verticordia  (Wood)  of  the  crag.  Ko 
Trigonio}  have  been  met  with,  although  100  species  are  known 
in  the  secondaiy  rocks,  and  two  are  stiU  living  on  the  coasts 
of  South  Australia. 

Fresh-water  mussels  (Unianidm)^  of  large  size  and  various 
form,  occur  in  the  Wealden  formation,  and  are  not  generically 
distinguishable   from  recent  shells;   but  those  of  the  coal 
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measures  and  older  rocks  are  extremely  problematic,  and  may 
even  belong  to  marine  genera. 

Of  the  genus  Chama  there  is  one  species  in  the  upper 
greensand  and  chalk  of  England,  and  another  in  the  London 
clay.  Elsewhere  they  are  more  abundant,  amounting  to  thirty 
species.  Closely  allied  to  Charna  is  the  Diceras  (Lam.),  of 
which  the  remarkable  casts  attracted  attention  at  an  early 
period  (fig.  18,  i).  They  are  found  in  the  coral  rag  of  France 
and  Germany,  and  resemble  the  horns  of  some  animal  The 
shell  is  attached  by  the  umbo  of  either  valve,  indififerently,  like 
some  of  the  recent  Chamas.  The  posterior  adductor  muscle 
is  supported  on  a  prominent  ridge  (as  in  Pachydesma^  Mega- 
lodoTiy  and  the  recent  CardUia)^  which  causes  a  spiral  furrow 
in  each  horn  of  the  cast.  The  shells  which  succeed  Diceras, 
in  the  lower  cretaceous  strata,  have  the  right  valve  usually 
much  smaller  than  the  left»  and  in  one  instance  (fig.  18,  z)  it 
is  like  the  operculum  of  a  spiral  univalve.  The  only  British 
species  of  this  group  is  Bequienia  LonsdcUii,  foimd  in  the 
ironsand  of  Bowood.  In  France,  and  also  in  Texas,  another 
form  occurs,  with  the  attached  valve  simple  and  conical,  Hke 
a  Hippurite.  The  ligamental  gi'oove  is  straight,  and  the  imibo 
of  the  free  valve  marginal. 

These  shells  are  so  intimately  allied  to  the  HippurUidce, 
that  Requienia  has  been  frequently  included  with  them  in 
the  apocryphal  order  **  Eudista."  The  members  of  the  Hippu- 
rite group  are  attached  and  gregarious,  like  oysters,  often 
occurring  in  great  numbers,  and  filling  large  tracts  of  rock. 
Their  valves  are  diflferent  in  structure  and  sculpturing,  and 
SLie  articulated  by  two  prominent  teeth  above  and  one  below ; 
the  cartilage  is  internal,  but  there  is  a  conspicuous  ligamental 
furrow  outside.  There  are  nearly  100  species  characteristic 
of  the  cretaceous  strata,  and  especially  of  the  lower  chalk,  or 
•*  hippurite  limestene."  Only  two  species  {Radiolites  Mortoni 
and  CaprtTtella  triangvlaris)  are  found  in  England ;  the  rest 
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are  from  tLe  West  Indies,  Southern  Europe,  Algeria,  and  the 
East  The  form  which  approaches  nearest  to  Chama  is  the 
little  genus  Caprotina  (fig.  19,  7),  whose  upper  valve  has  a 
marginal  umbo,  but  is  in  other  respects  like  a  miniature 
Radiolite.  Caprina  (d'Orb.)  has  the  free  valve  perforated  by 
canals  which  open  in  the  inner  margin,  and  in  Ca-prindla  the 
outer  lamina  of  both  valves  possesses  this  structure.    One 


Rg.  19. 
Seomdary  Bivaha. 
I.  Diceru  aii  dnum,  L«m. ;  CortUlian,  France. 
a.  B«qnUma  unmoniB ;  Neocomiaa,  8.  France. 

3.  HoQaplenra  trilobata,  d'Orb. ;  Ifeeeomian,  Organ. 

4.  Uippurites  Toucaaiana,  d'Orb. ;  L.  CAalk,  Froace. 
;.  Badiolitea  angeiodeii,  Lam.j  L.  Chalk,  Gosau. 

6.  CapriDelU  BoiBByi,  d'Orl. ;  L.  Chaik,  Valley  of  AlcanUra. 

7.  Caprotina  semiBtriata,  d'Orb. ;   U,  Oreeiuand,  he  Mans. 

valve  is  sometimes  spiral  (fig.  19,  *),  and  partitioned  off  inter- 
oally  by  numerous  septa,  like  the  water^pondylua,  but  ao 
regularly  as  to  resemble  the  chambered  shell  of  a  Nautilus. 
In  the  Hadiolite  (fig.  19,  s),  botJi  valves  are  conical,  and  the 
umbo  of  the  free  valve  (marginal  in  the  very  young  shell) 
becomes  central  in  the  adnlt  The  structure  of  the  hinge  is 
modified  by  the  absence  of  any  spiralitj-  in  the  valves,  but  is 
essentially  tiie  same  as  in  Caprotina  and  Diceras ;  the  promi- 
nent teeth  of  the  upper  valve  support  curved  plates  for 


74  PALAEONTOLOGY. 

the  attachment  of  the  adductor  muscles,  which  become  con- 
tinually more  undercut  in  the  course  of  their  growth.  In 
Hippurites  the  anterior  muscular  plate  projects  horizontally, 
the  posterior  vertically,  like  a  third  tooth,  for  which  it  has 
been  mistaken.  In  this  genus  there  are  two  longitudinal 
inflections  of  the  outer  shell-wall  beside  the  ligamental 
furrow,  one  corresponding  to  the  posterior  muscular  plate,  the 
other  (or  third)  apparently  a  siphonal  inflection  like  that  in 
Trigonia  and  Leda  (fig.  19,  4). 

The  structure  and  affinities  of  Hippurite  shells  are  ably 
treated  of  by  S.  P.  Woodward  in  the  **  Quarterly  Journal  of 
the  Geological  Society,"  Feb.  1855,  pp.  40-60.  Some  had 
deemed  them  to  be  cephalopodous,  some  brachiopodous,  and 
others  annellidous  :  but  Cuvier's  view  of  their  lamellibranchi- 
ate  nature  is  established,  and  the  position  assigned  to  the 
Hippurites  by  Quenstedt  and  Woodward,  between  the  Chamor 
cece  and  Cardiadcey  is  now  accepted. 

The  cockle-shells  {flardiadce^  as  they  have  a  world-wide 
distribution  now,  had  a  corresponding  range  in  time,  and  are 
found  in  all  strata  from  the  Silurian  upwards.  The  com- 
monest fossil  tribe  of  Gardium  is  ribbed  concentrically  on  the 
sides,  and  radiately  on  the  posterior  slope,  a  style  of  ornament 
almost  unique  amongst  the  200  recent  species.  The  Caspian 
cockles,  distinguished  by  a  sinus  in  the  pallial  line,  appear  to 
have  inhabited  the  Aralo-Gaspian  region  almost  &om  the 
middle  tertiary  period;  the  hinge-teeth  are  reduced  to  one 
{M(modacna)  or  two  (Didacna)  in  each  valve,  and  are  some- 
times quite  wanting  even  in  the  young  shell  {Adamoy  Eichw.) 
LUhocardivm  avundare  (fig.  20,  7)  is  a  characteristic  shell  of 
the  Paris  basin,  and  appears  to  have  spun  a  byssus,  like  the 
fry  of  some  recent  cockles;  it  also  resembles  the  oriental 
Tridacna,  of  which  a  species  is  found  in  the  miocene  of 
Poland.  The  genus  Conocardium  (fig.  17»  s)  of  the  upper 
SUurian  and  carboniferous  systems  is  remarkable  for  the 
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prismatic  cellular  structure  of  its  shell,  and  the  truncation  of 
the  posterior  (?)  side  of  the  valves,  which  are  furnished  in 
some  species  with  a  slender  siphonal  process. 

The  LudnidcBy  allied  to  the  cockles  in  their  hingenstructure^ 
are  also  plentiM  in  the  fossil  state,  and  have  as  wide  a  ranga 
They  are  usually  recognisable,  even  when  in  the  condition  of 
internal  casts,  by  their  circular  form  and  the  oblique  ridge  on 
their  disk.  Casts  of  Libdna  also  exhibit  the  peculiar  narrow 
outline  of  the  anterior  adductor  detached  from  the  pallial  line. 
Cryptodouy  Dipladontay  Kdlia,  and  Pythina  are  found  in  the 
eocene  tertiary.  CorbiSy  under  the  sub-generic  form  of  Sphceroy 
commences  in  the  trias;  another  modification,  foimd  in  the 
oolites  and  chalk  {Unicardiumy  d'Orb.),  is  edentulous;  and 
Tancredia  (Lycett),  a  compressed  triangular  shell,  with  a 
dentition  like  CorbiSy  is  frequent  in  the  lias  and  oolite. 

The  fresh-water  Cydadidce  are  represented  in  the  Wealden 
and  eocene  by  many  species  of  CyrenOy  mostly  of  small  size. 
The  recent  CorbmUa  flimUnalis  of  eastern  rivers  is  a  common 
fossil  of  the  pliocene  tertiary  in  England  and  Sicily. 

The  CyprinidcB  and  Astartidce  are  more  abundant  as  fossil 
sheUs,  and  had  a  wider  range  of  old  than  at  the  present  day. 
Nearly  100  species  of  Gyprvna  have  been  catalogued,  com- 
mencing in  the  trias;  the  dentition  of  the  older  species  is, 
however,  somewhat  peculiar.  The  Isocardiw  are  almost  as 
numerous,  and  have  the  same  range,  but  many  of  the  fossil 
Isocardia-looking  shells  are  really  related  to  the  Anatinidce. 
A  yet  higher  antiquity  has  been  assigned  to  GypTteardioy  a 
genus  now  veiy  scarce  and  difficult  to  obtain,  on  account  of 
its  habit  The  palaeozoic  PUurophorus  (fig.  Vjyi)  is  dis- 
tinguished by  the  prominent  ridge  behind  the  anterior 
muscular  impression;  and  Megaiodan  (J.  Sby.),  by  the  plate 
supporting  the  posterior  addnctor.  This  genus  is  represented 
in  the  oolites  by  Pachyrisma  (fig.  20,  i),  and  in  the  tertiaries 
and  modem  seas  by  CardUia, 
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The  genus  Astarte,  now  limited  to  a  dozen  species  in  the 
North  Atlantic  and  Arctic  seas,  has  an  almost  world-wide 
geological  distribution,  and  counts  200  species  in  d'Orbijjny'a 
catalogxie,  commencing  with  the  lias  period.  CrassaleUa,  now 
almost  a  southern  form,  is  common  in  the  cretaceous  and 
tertiary  strata  of  Europe.     Closely  allied  to  Astarte  is  the 


Fig.  20. 
Secondary  and  TVninry  Bioaloet. 
I.  Pachfriama  Beptiferum,  Bdt.  ;  CoratUmi,  Keane, 
1.  CardinU  b^britU,  Sby.;  Liat,  Gloucester. 
3.  OpU luDDlatufl,  Hill.;  Inf.  Oaliie,  Buyeut. 
4-  Tancredia  securirormiB,  Dkr.;  Liat,  SaioDj. 

5.  Sowerbja  craasa,  d'Urb. ;  Oxfbntioit,  ArdeDoea. 

6.  Goniomja  Bcripta,  Sb/. ;  KtUoaa}/  roet,  Wilta. 

7.  Litbacu-d!om  aviculare,  Lorn. ;  Eoctnt,  Poria. 

S.  GrateloupU  irteguUriB,  Bart. ;  Miocene,  BordesQX. 
9.  Teredina  peraoiuita,  Lam, ;  £!oeeiie,  Sogaor. 

extinct  genus  Opts  (fig.  20,  3).  of  which  there  are  42  species 
in  the  secondary  series ;  and  Cardinia  (fig.  20, 1),  characteristic 
of  the  lias  and  oolites.  The  so-called  Unios  of  the  coal 
measures  {Anthracosioy  King)  are  probably  members  of  this 
group.*     One  hundred  species  of  Cardita  (including   Venerv- 

*  "Tbay  occur  in  the  Taluable  layers  of  clay-ironstone  called  'idiibbbI- 
bands,'  associaUd  vitb  NautUi,  Ditcina.  etc.  In  Derbysbira  the  muBMl-band 
is  wrought,  like  marble,  ioto  raset." — Woodward. 
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cardid)  are  found  in  the  secondary  and  tertiaiy  strata;  of  the 
50  recent  forms,  one  only  is  Arctic,  and  this  occurs  in  the 
glacial  deposits  of  England.  The  allied  genus  Myocwxcha 
is  characteristic  of  the  older  secondary  rocks,  and  Hippo- 
podium  of  the  lias. 

The  VeTieridcB  are  pre-eminenly  characteristic  of  the  tertiary 
and  present  period.  Some  obscure  species  of  Venus  are  found 
in  the  oolites :  better  marked  species  of  Cytherea  occur  in  the 
greensands ;  Artemis,  Trigona,  LtudnopsiSy  VenerupiSy  and 
Tapes  appear  in  the  middle  tertiary ;  Petricola  in  the  eocene. 
The  only  extinct  form  is  Oratdovpia  (fig.  20,  8),  which  differs 
but  little  from  Trigona. 

The  Mactras  and  TeUens  are  also  comparatively  modem 
groups;  most  of  the  supposed  oolitic  species  belong  to  the 
LttdnidcBy  except  Soiverbya  (fig.  20,  s),  which  has  a  pallial  sinus, 
and  is  found  in  the  oolites  of  Malton  and  Portland.  Psam- 
mdbioe  and  Mesodesmce  occur  in  the  greensand;  Donax  and 
Syndosmya  in  the  eocene;  Qastrana  {=  Venenipis,  Lam.)  and 
Luiraria  in  the  miocene.  Lutraria  rugosa,  still  living  on  the 
coast  of  Portugal,  is  fossil  in  the  raised  beaches  of  Sussex. 

The  oldest  forms  of  razor-fish  (Soknidoe)  are  those  with 
the  transverse  internal  rib  (Solecurtus),  which  occur  in  the 
neocomian,  whilst  true  Solens  and  Olydmeris  appear  first  in 
the  eocene  strata.  The  genus  Mya,  as  now  restricted  to  the 
species  resembling  Jf .  arenariUy  are  only  met  with  in  the 
newer  tertiary.  Corbula  ranges  upwards  from  the  lower 
oolites;  Neoera  appears  in  the  upper  greensand;  and  Thetis 
{^=Poromya,  Forbes)  in  the  neocomian. 

Above  100  species  of  Panopcea  (a  genus  essentially  like 
Mya)  have  been  obtained  bom  oolitic  and  tertiary  strata  in 
all  parts  of  the  world.  They  are  with  difficulty  distinguished 
from  those  equally  numerous  forms  of  ATuUinidce  which  have 
been  associated  with  Pholadomya  on  account  of  the  tenuity 
•of  their  finely-granulated  valves;  they  constitute  the  genus 
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Myacites  (Bronn),  and  occur  in  the  palaeozoic  and  secondary 
rocks;  some  of  the  oolitic  and  cretaceous  species  are  distin- 
guished by  V-shaped  furrows  (fig.  20,  6).  Still  more  numerous 
are  the  fossil  forms  of  Pholadomya,  which  range  upwards  from 
the  lias,  but  are  reduced  to  a  single  species  now^  living  in  the 
Caribbean  seas.  Shells  with  the  umbones  fissured  like  Anatina 
also  occur  in  the  oolites.  Pandora  first  appears  in  the  older 
tertiary.  Amongst  the  extinct  genera  referred  to  this  family 
are  the  Silurian  Orammysia  (fig.  17,  lo),  with  valves  folded 
transversely;  the  carboniferous  Edmondia  (fig.  17,  "),  with 
lai^e  oblique  cartilage  plates;  the  palaeozoic  Cardiomorpha^ 
shaped  like  Isocardia;  and  the  oolitic  Keromya  (Ag.),  which 
also  resembles  the  heart-cockle  in  form.  Cercomya  is  an  oolitic 
ATuUina,  with  the  posterior  end  of  the  valves  much  attenuated. 

The  genus  Oastrochcena  appears  in  the  lower  oolites;  and 
casts  of  its  burrows  are  frequently  preserved  after  the  decom- 
position of  the  coral  in  which  they  were  made.  Clavagella 
dates  from  the  upper  greensand,  and  AapergUlum  from  the 
miocene.  Saaicava  is  found  in  the  newer  tertiary  and  raised 
beaches  of  Northern  Europe ;  and  the  great  species  commonly 
called  ^'Panopcea^  Norwegica  is  a  characteristic  fossil  of  the 
newer  pliocene  of  Britain  and  Greenland. 

The  Pholades  and  ship-worms  appear  first  in  the  oolitic 
strata.  Forms  resembling  the  recent  Marteda  striata  have 
been  discovered  in  foeail  wood  of  the  lias  and  Speeton  clay. 
J(maimetia  (Desm.)  was  Sist  known  as  a  miocene  fossil;  and 
Pholas  occurs  in  the  older  tertiary.  Extinct  species  of  Teredo 
are  found  in  the  silicified  wood  of  the  greensand  of  Blackdown 
and  in  the  fossil  psJm- fruits  of  Brabant  and  Sheppy.  The 
drift-wood  of  the  London  clay  is  usually  perforated  by  the 
ship-worm,  and  also  by  an  extinct  form  {Teredina,  fig.  20,  9), 
which  resembles  Martesia  in  possessing  an  umbonal  shield : 
when  adult  it  not  only  closes  the  anterior  pedal  opening,  but 
also  cements  its  valves  to  the  shelly  lining  of  its  burrow,  like 
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an  Atp&rgillum.  Specimens  have  been  obtained  in  whicb  the 
whole  interior  of  the  valves  and  tube  had  been  excessively 
thickened  towards  the  doee  of  life  by  successive  layers  of 
shelL 

Class  IIL— ENCEPHALA. 

About  thiee-fourths  of  the  MoUvtca  are  "  encephalous,"  or 
have  a  distinct  head,  commonly  with  eyes  and  tentacles,  and 
the  mouth  has  a  peculiar  and  complex  preparatory  organ  of 
digestion. 

The  mantle,  properly  so  called,  is  the  free  fold  or  folds  of 
the  skin,  produced  usually  from  the  dorsal  surface,  and  is  in 
functional  relation  with  the  breathing  oi^an  and  the  sheU. 
By  the  preservation  of  the  latter  we  learn  that  the  encephalons 
grade  of  molluscous  organization  dates  from  the  deposition  of 
the  old  Silnriau  beds  now  forming  the  Uandeilo  rocks. 

Sub-Class. —PT  EE  0  P  0  D  A. 

The  Ptavpoda  are  so  called  on  account  of  the  resemblance 
of  their  principal  oi^ans  of  C 

moidon  (fig.  21,  <7}  to  a  pair  of 
wings,  both  as  to  form  and  in 
their  mode  of  action  on  the 
surrounding  medium.  Tbey 
are  small  marine  floating 
species,  and  might  leave  evi- 
dence of  their  existence  in 
deposits  of  the  deepest  ocean. 

The  sreatest  extremes  of  form  _ 

,  Rg.  21. 

are  presented  m  tJus  order, —  _ 

.  ..   _     ,        ,.  ffyaliea  tniknUUa,  taagH. 

some  species  of  HyoMea  (fig. 

22)  being  almost  globular ;  others,  as  certain  Cleodorat  being 

very  long  and  slender.    The  shell  is  always  characterised  by 
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Fig.  22. 
Hyaloea  tridentata. 


the  delicacy  and  transparency  of  its  texture.  It  deviates 
least  from  the  ordinary  form  of  the  spiral  univalve  in  Sjfn- 
rialis  and  some  allied  fossils.     In  Limacina  the  turns  of  the 

shell  are  reduced  to  one  whorl  and 
a  half.  In  Hyalcea  (fig.  22)  the 
shell  resembles  a  bivalve,  in  which 
the  two  valves  have  been  cemented 
together  along  the  hinge  ky  leaving 
a  narrow  fissure  in  front  and  at  the 
sides.  The  ventral  valve,  g,  is  most 
convex,  the  dorsal  one,/,  most  produced,  overhanging  the  fis- 
sure-like opening,  z,  through  which  the  head  and  swimming 
lobes  are  protruded.  In  Cleodora  the  shell  is  narrowed  and 
lengthened  out,  the  two  plates  being  united  together  along  the 
sides,  so  as  to  leave  only  an  anterior  aperture. 

Fossil  shells  of  both  Hyaloea  and  Cleodora  are  found  in  the 
newer  tertiary  of  Italy,  with  Vaginella  (fig.  28,  i»),  a  form 

allied  to  Cuvieria  (fig.  23).  But 
the  occurrence  of  Pteropoda  in 
the  older  rocks  is  attended  with 
considerable  obscurity.  The  Sttr 
omphali  (fig.  26,  4),  which  charac- 
terise those  rocks,  have  multispiral  calcareous  opercular  like  the 
recent  Cydostrema  {=A  deorbis).  The  genus  Maclurea  (fig.  26, 9), 
which  has  been  regarded  as  a  "  left-handed"  Euomphalus^  is  pro- 
bably very  different ;  it  has  a  thick  shelly  operculum,  sinistraUy 
spiral,  and  furnished  with  an  internal  process,  as  the  Nerites 
are ;  the  spire  is  sunk  and  concealed,  whilst  the  whorls  are 
exposed  on  the  flattened  under-side;  it  occurs  in  the  older 
Silurian  rocks  of  Scotland  and  North  America  In  EttomphUus 
rugosuSy  from  Illinois  coal-beds,  all  the  volutions  are  exposed 
in  the  wide  and  shallow  umbilicus.  Ecculiompkalv^  is  like 
an  incompletely  convoluted  Euonyphalus ;  Madv/rea  is  like 
Evxynvphalus  with  a  depressed  spire ;  the  shells  called  Theca 
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Fig.  23. 
Cuvieria  oolumneUa, 
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are  slender  and  conical ;  Pterotheca  has  a  wing-like  ezpanaion ; 
and  ConiUaria  (fig.  26,  lo)  is  a  fouivsided  sheath,  with  the 
apex  partitioned  ofif,  as  in  the  recent  Cuvieria.  If  really 
pteropodoos,  these  sheila  are  the  giants  of  the  order. 

Sna-CLASS.— GASTEROPODA." 

In  the  encephalous  Mollusca  grouped  together  onder  the 
above  name,  the  muscular  disc  for  creeping  is  developed  from 
more  or  less  of  the  ventral  surface  of  the  body. 

Aberrant  Order. 
In  the  Nuckotrranchiata,  here  exemplified  by  the  oceanic 
AUa-nta  (fig.  24),  the  ventral  foot  is  as  little  developed  as  in 
JPneamodermon  and  some  other  Pteropoda. 


Rg.  24. 
Atlanta  Kermidreaii  (magn.) 

There  are  two  existing  families  of  nucleobranchiate  Mol- 
luaks ;  the  Firolidm,  with  large  and  unprotected  bodies  ;  and 

*  Ot.,  gofter,  bell; ;  poit,  foot. 
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the  Atlantidce,  which  can  retire  into  their  shells  and  close  them 
with  an  operculum.  The  known  fossil  forms  belong  chiefly  to 
the  latter  division.  Both  animal  and  shell  are  symmetrical, 
or  nearly  so ;  the  nucleus  of  the  shell  is  minute  and  dextrally 
spiral. 

Tlie  soft  parts  of  Atlanta  are  divisible  into  a  "somatal" 
and  a  "paUiaF'  region.  In  fig.  24,  the  former  or  chief  fleshy 
part  of  the  body  is  out  of  the  shell;  the  pallial  or  visceral 
part  is  in  the  shell,  which  latter  is  an  appendage  to  it.  The 
"  soma"  is  divided  into  the  cephalic  A,  pedial  B^  and  the  lid- 
bearing  tail  or  operculigerous  lobes  e,f.  The  head,  or  cephalic 
lobe,  includes  the  mouth-mass  a,  the  tentacles  6,  and  the  eyes 
I;  the  foot  is  divided  into  the  "fin"  B,  and  the  **disc''  d;  the 
tail  includes  the  "  leaf"  e,  and  the  *'  lid"  or  opercule/,  with  its 
surface  of  attachment^  I  is  the  gullet,  m  the  crop,  n  the 
stomach,  o  the  intestine,  p  the  liver,  q  the  kidney,  s  the  heart, 
h  the  branchial  chamber,  i  the  gill,  u  v  the  chief  ganglions  of 
the  nervous  system.  The  shell  of  the  Atlanta,  besides  the 
beauty  and  symmetry  of  its  shape,  purity  of  colour,  and 
delicacy  of  texture,  is  remarkable  for  combining  two  conditions 
of  shell-tissue;  retaining  a  large  proportion  of  the  mouth,  or 
last-formed  part,  in  a  soft  flexible  quasi-cartUaginous  state, 
the  rest  of  the  shell  being  vitreous.  Only  the  body-part, 
therefore,  could  be  expected  to  become  fossilized,  and  this 
circumstance  should  be  borne  in  mind  while  comparing  those 
fossil  imivalves,  which  in  their  symmetry  resemble  the 
Ifautiliis,  but  are  unfurnished  with  air-chambers.  Such  most 
probably  belong  to  the  Nucledbranchiata,  and  especially  to 
that  division  typified  by  the  Atlanta,  The  genus  Po7'cellia, 
characteristic  of  the  carboniferous  age,  has  a  discoidal  shell, 
with  a  spiral  nucleus  projecting,  as  in  Atlanta,  from  the  right 
side ;  the  whorls  are  exposed,  and  marked  with  a  narrow  band 
along  the  back,  ending  in  a  deep  slit  (fig.  26,  6).  Another 
genus  {Bellerophon)  resembles  the  recent  Oxygyi^s  in  its  more 
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globose  form,  with  a  similar  nanx)w  umbilicus  on  either  side 
(fig.  26,  7),  wanting,  however,  in  B,  nodocaritmtus  of  the 
Illinois  coal-beds.  Sometimes  the  shell  is  thin  and  the  aper^ 
tare  expanded,  like  a  trumpet^  whilst  other  species  are  globu- 
lar and  solid ;  the  fonner  may  have  been  tenanted  by  large 
animals  living  at  the  surface  of  the  open  sea,  the  latter  seem 
to  have  been  more  adapted  to  protect  their  owners  crawling 
over  the  bottom,  for  it  can  scarcely  be  insisted  that  all  were 
necessarily  floaters  on  account  of  their  organization.  The 
species  of  BelleropTum  are  numerous  in  all  the  palaeozoic  rocks, 
and  some  of  the  smaller  kinds  appear  to  have  been  gregarious : 
those  with  disconnected  whorls  have  been  called  Cyrtolites 
(Conrad.)  The  Bdlerophina  of  d'Orbigny  (fig.  27,  "),  is  a 
minute  shell  found  in  the  gault. 

The  famUy  Firolidce  includes  the  Nucleobranchs  in  which 
the  shell  is  wanting,  or  uncalcified,  or  is  very  small  com- 
pared with  the  bulk  of  the  animal.  A  single  species  of  the 
genus  Carinaria,  the  most  beautiful  of  the  group,  with  a 
hyaline  shell  shaped  like  that  of  the  Argonaut^  suspended 
from  the  body,  has  been  found  in  the  middle  tertiary  of  Turin. 

Normal  Orders. 

In  the  majority  of  Gastropods  the  shell  is  a  '*  spiral  uni- 
valve," the  varieties  of  which  are  shewn  by  an  immense  series 
of  fossils.  The  most  simple  form  of  univalve  shell  is  the  cone, 
which  may  be  much  depressed,  as  in  the  genus  Umbrdloy  or 
extremely  elevated  and  contracted,  as  in  Dentaliumy  or  of  more 
ordinary  proportions,  as  in  the  limpets  {Patella),  The  apex  of 
the  cone  is  always  oblique  and  eccentric  ;  directed,  in  limpets, 
towards  the  head,  but  in  other  Gastropods  towards  the  opposite 
extremity  of  the  body.  The  spiral  univalve  is  convoluted, 
sometimes  in  the  same  plane,  as  in  Plarwrbis,  but  more  usually 
in  an  oblique  direction,  as  in  Triton  (fig.  25).  The  apex  of  the 
shell  a  is  formed  by  the  nucleus,  or  the  part  which  was  deve- 
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loped  in  the  egj;.  The  spiral  turns  of  the  shell  w,  w  are  called 
'*  whorls,"  the  last  ic,  ac  being  the  "  body-whorl."  Tlie  lines 
or  grooves  formed  by  their  junction  are  the  "  sutures,"  s,  s. 
The  "whorls"  above  the  body-one  form  the  "spire"  of  the 
shell,  pc  to  a. 

As  a  general  rule,  the  spii-al  univalve,  if  viewed  in  the 
position  in  which  ite  inhabitant  would  carry  it  were  it  moving 
forwards  from  the  obsei-ver,  is  twisted  from  the  apex  down- 
wards from  left  to  right,  the  spire  being  directed  obliquely 
towards  the  right :  but  in  a  few  genera,  e.g^  Claitsilia,  Physa, 
the  shell   is   twisted   in  the  opposite  direction  when   it  is 
called  "  reverse"  or  "  sinistral ; "  some  individuals  of  Bulinus, 
Parttila,  and  Pupa,  and  a  few  marine  species,  e.g^  Fusus  sinis- 
trosus,  are  sinistral    The  part  around 
which  the  spiral  cone  is  wound  is 
termed  the  "columella,  o;"  it  is  ex- 
posed by  removal'  of  part  of  the  shell 
in  fig.  25.    This  central  pillar  is  some- 
times   simple,    sometimes    grooved, 
sometimes  plicated ;  in  some  shells  it 
is  solid,  in  some  hollow,as  mSi^arium, 
andiJoitwm.where  the  narrow  elliptical 
aperture  of  the  columella  is  seen  to 
the  left  of  the  wide  shell-aperture  ;  it 
is  termed  the  ujnbUicus.    In  Solarium, 
as  in  PMlippia,  the  apex  of  the  shell 
is  inverted,  aJid  can  only  be  seen  by 
looking  into  the  umbilicus. 

The  wide  aperture  which  forms 
the  base  of  the  spiral  univalve  is 
bounded  by  an  "outer-lip"  (fig.  25,^, 
ac)  and  an  "  inner-lip ;"  the  latter  offers  a  smooth  convex  sur- 
fece,  over  which  the  foot  of  the  Gastropod  glides  to  reach  the 
ground.    In  many  univalves,  including  most  vegetable-feeders. 


Fig.  25. 
Triton. 
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the  aperture  of  the  shell  is  entire ;  in  others  it  is  interrupted, 
the  left  side  being  formed  only  by  the  "body-whorl :'  or  the 
**  peristome"  (as  the  margin  is  called)  may  be  broken  by  a 
notch,  like  that  which  separates  the  outer  lip  from  the 
umbilicus ;  or  it  may  be  perforated  by  one  or  more  holes  ;  or 
a  portion  of  it  may  be  produced  into  a  canal  or  siphon; 
this  (fig.  25,  ac,)  is  sometimes  termed  the  "^  anterior  canal,"  and 
the  notch  or  hole  at  the  opposite  end  of  the  peristome  is  called 
the  ^posterior  canal "^  These  modifications  are  important, 
on  accoimt  of  the  constancy  of  their  relations  to  certain  con- 
ditions of  the  respiratory  organs.  Thus  all  the  pectinibranchi- 
ate  (gastropods,  in  which  the  water  is  conducted  to  the  shell 
by  a  muscular  tube  or  siphon,  have  the  mai-gin  of  the  aperture 
either  notched  or  produced  into  a  canal,  auc:  the  posterior 
one,  fCy  is  anal  in  its  function  {Triton^  Strorribidce) :  sometimes 
it  is  represented  by  a  slit  {Sdssurdla)^  or  it  is  a  tube  (Typhis), 
or  a  perforation  {Fissurella),  or  a  series  of  holes,  as  in  Haliotis. 

The  relations  of  these  modifications  of  the  univalve  shell, 
which  anatomy  has  made  known,  enable  us  to  judge  in  a 
general  way,  from  a  fossil  shell,  of  the  sphere  of  existence,  of 
the  respiratory  medium,  and  to  a  certain  degree  of  the  food 
and  habits,  of  its  extinct  constructor.  Tlie  Gastropods,  which 
first  appear  in  the  Palaeozoic  strata  have  entire  mouths ;  the 
siphonated  species  are  not  found  lower  than  the  lias,  and 
they  go  on  increasing  in  numbers  in  and  from  the  Tertiary 
series  to  the  actual  sea-shore. 

Fossil  univalves — the  remains  of  spiral  and  limpet-like 
shells — are  not  wanting  in  any  but  the  very  oldest  fossili- 
ferous  rocks  ("lingula  flags").  From  the  lower  Silurian, 
where  less  than  100  species  referable  to  scarcely  more  than 
ten  genera,  are  found,  they  increase  in  number  and  variety 
slowly  and  r^ularly  up  to  the  newer  tertiaries,  which  have 
afforded  ten  times  as  many  genera  and  twenty  times  as  many 
species.    The  total  number  of  fossil  marine  univalves  is  less 


86  PALAEONTOLOGY. 

thau  6000 ;  the  recent  exceed  8000 ;  and  although  we  may 
expect  to  discover  more  new  fossil  species  than  recent,  yet  it 
is  evident  that,  in  comparison  with  past  conditions,  the  group 
of  univales  has  only  now  attained  its  maximum  development. 

Between  the  extinct  and  living  air-breathers  the  numerical 
discrepancy  is  still  greater.  About  300  land-snails,  and  half 
as  many  fresh-water  Pulrnoiiiferay  are  enumerated  in  the  fossil 
catalogues ;  but  the  greater  part  of  these  ai'e  recent  species, 
and  the  whole  bears  but  a  small  proportion  to  the  number  of 
living  land-snails,  which  exceeds  4000.  That  many  more  have 
formerly  existed  is  indicated  by  the  fact,  that  the  fossil  land- 
snails  of  the  older  tertiaries  of  Europe  are  entirely  different 
from  their  living  successors,  and  most  nearly  represented  at 
the  present  time  in  the  West  Indies  and  Brazil  The  generic 
forms  peculiar  to  oceanic  islands  (remains  of  old  continents) 
are  more  numerous  than  those  of  the  mainlands,  as  if  this 
order  had  once  been  more  important.  But  the  circumstances 
favourable  to  their  petrifaction  must  have  been  of  such  rare 
occurrence  as  to  preclude  the  probability  of  attaining  more 
than  the  scantiest  information  concerning  them. 

From  the  large  proportional  number  of  living  Gastro- 
pods, and  the  great  amount  of  information  which  has  been 
obtained  of  late  years  respecting  their  structure  and  habits,  it 
might  be  expected  that  the  affinities  of  the  fossil  univalves 
would  be  easily  worked  out,  and  their  indications  fully 
interpreted.  Such,  however,  is  not  the  case.  Univalve  shells 
present  no  internal  markings,  easily  accessible  like  those  of 
bivalves,  and  exhibiting  the  essential  characters  of  the  soft 
parts ;  and  their  external  forms  are  often  so  overlaid  with 
ornament,  and  disguised  by  mimetic  charactere,  as  to  mislead 
upon  a  first  examination.  Shells  of  any  family  may  be 
limpet-shaped,  or  tuiTeted,  or  discoidal,  plain  or  ornamented. 
It  is  more  desirable  to  ascertain  whether  \\\erv  have  been 
nacreous   or  porcellaneous;   whether  the  apex  (or  rmchiis) 
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presents  any  peculiaiities ;   and  if  operculated,  -whether  the 
operculum  was  pauci-  oi  multi-spiraL 

The  earlier  describers  of  fossil  univalves  unhesitatingly 
recognised  many  familiar  recent  genera,  even  in  the  older 
rocks.  But  their  Melaniee  were  marine  shells ;  the  supposed 
Bueeinwa  had  no  notch ;  the  Solarue  were  pearly ;  the  KerU<E 
assumed,  when  adult,  the  irregular  aperture  of  PUeopsis ;  the 
Naiica  had  non-spiral  opercula;  and  the  Maclurea  was 
figured  upside  down. 


Fig.  a«. 

Palceozok  UnivaUu. 
I.  Loionema  Lefcburei,  lAv.;  Carhoaiferovt,  Toiiraaj. 
I.  Macrocheiluo  Svhlotheitai,  cl'Arch.;  i>rrontan,  fUfel. 
].  Scolioatoma  eiponBilabrum,  Silgr. ;  Dtixfitian,  Nassau. 
4-  Euomphalua  aculptm,  Sby. ;   Wenlotk  Limtttom,  H«j  Hill. 

5.  Murehiionia  angulata,  Ph. ;   Devmian.  Eifel. 

6.  Forcellia  Puiari,  Ut.  ;  Carbmufercvt,  Toaniay. 

7.  Bellerophon  bi-cariuatua,  hbi. ;  Carboniftrovt,  Tourna^. 

8.  Tubina  annata,  Bbtt.  ;   U.  Silurian,  Bohemia. 

9.  Maclurea  Peachii,  Salter;  L,  Situriaa,  Sutberlaiid. 
10.  Conulaiia  i^uadriBulcata,  Sb;. ;   Carboni/trmu,  Lanark. 

The  more  closely  palaeozoic  univalves  are  examined,  so 
much  the  more  do  they  appear  to  differ  from  ordinary  recent 
types ;  and  the  search  for  allied  forms  has  to  be  conducted 
amongxt  the  rare  and  minute  and  least  understood  of  recent 
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Stronibidce, — The  Strombs  with  their  massive  shells,  never- 
theless, resemble  the  fragile  Nucleobranchs  in  some  respects. 
They  have  the  same  lingual  dentition,  and  the  same  carni- 
vorous habits  ;  and  though  living  on  the  sea-bed,  they  rather 
leap  than  glide,  having  a  narrow  sole  and  a  deeply-divided 
operculigerous  lobe.  Characteristic  of  the  warmer  zones  of 
existing  seas,  they  are  only  found  fossilized  in  the  newer 
tertiary  strata  of  countries  south  of  Brittdn ;  but  there  is  a 
group  of  little  shells  related  to  the  recent  Strovibus  Jtsmrelltcs 
in  the  older  tertiaries  of  London,  Paris,  and  America,  to  which 
Agassiz  has  given  the  name  Rimella.  The  allied  genus  of 
scorpion-shells  (Pterocera),  now  peculiar  to  eastern  seas,  has 
been  described  as  occurring  fossil  in  the  secondary  strata  of 
Europe;  but  the  extinct  species  appear  to  be  more  nearly 
related  to  Aporrhais,  This  genus,  now  confined  to  the 
western  shores  of  Europe,  occurs  in  all  the  tertiaries,  and  is 
represented  in  the  secondary  rocks  by  many  remarkable 
forms.  Some  have  been  separated  under  the  name  Alaridy 
and  to  this  group  the  so-called  Pterocera  Bentleyi  may  perhaps 
be  referred  (fig.  27,  i).  Rostellaria  and  Seraphs  (or  Terebellum), 
now  peculiar  to  the  Eed  or  eastern  seas,  are  conspicuous 
fossils  of  the  European  eocene,  at  which  time  their  range 
extended  to  America,  Some  of  the  ancient  Bostellarias  have 
the  outer  lip  enormously  expanded,  as  in  the  R.  ampla  (Hip- 
pocrena)  of  the  London  clay.  In  the  oolites  and  chalk  there 
are  slender  fusiform  shells  {Spinigera,  d'Orb.,  fig.  27,  i)  with 
spines  on  the  sides  of  the  whorls,  as  in  some  recent  Ranelke, 

Muricidce, — The  great  family  of  whelks,  by  far  the  most 
important  group  of  living  sea-shells,  is  scarcely  of  higher 
antiquity  than  the  eocene  tertiary.  The  Purpurina  of  the 
oolites  (fig.  27,  3),  and  Columbellina  of  the  chalk,  are  extinct 
genera  somewhat  resembling  Purpura  and  Columbella,  But 
since  the  so-called  **  cones  '*  of  the  oolites  have  proved  to  be 
Toi^mtdlc€y  it  may  not  be  unreasonable  to  distnist  these  other 
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presumed  affinities.  The  huge  univalve  of  the  chalk,  which 
Sowerby  called  a  Doliurrt,  has  been  described  as  a  Pterocera 
by  d'Orbigny.  In  the  tertiaries  siphonated  univalves  abound, 
and  aie  mostly  referable  with  certainty  to  receut  geneia. 
The  only  marked  change  consists  in  the  comparative  abund- 
ance of  some  scarce  existing  forms,  and  the  absence  or  rarity 


Seamdtws  Univalnn. 
I.  Spinigeni,  Bp. ;  Oxford  Clay,  Cia'pffmhrna. 
1.  AUria  Bentleji,  M.  sud  L. ;   Oreal  Oolitt,  Colljweeton. 

3-  Purpurioa  Horrisii,  But.  ;   Qrtat  Oolite,  MiDchinliamptoD. 

4-  XeriDKU  BruntrutsDa,  TlinriD. ;   OoraUiaa,  Poland. 

5.  CroBBDiitoma  Pmtti,  M.  and  L. ;   Oreal  Oolite,  Mincbinbomptoa. 

6.  Trochotoma  conuloidea,  Deiil. ;   Great  Oolite,  HiDchiuhampton. 
T.  Neritoma  biBiDnatB,  Bur. ;   Oifirrdiaii,  Ardennu. 

i.  PileoluB  plicatui,  Sbj.;   Oreat  Oolite,  Ancliff. 

9.  CiDutiit  ipcraauta,  J.  8bf . ;   U.  Oreentand,  Blackdown. 
Id.  Acleonioa  concava,  Dest. ;  Liiu,  Normand;. 
ti.  Bellerophina minnta,  Sby.;  Oatdt,  FolkesUme. 

of  many  now  most  conspicuous.  Moreover,  the  geographical 
distribution  of  the  genera  has  undei^one  a  great  change  since 
the  close  of  the  eocene  period.  This  change  ia  moat  notice- 
able in  the  cold-temperate  zone,  and  is  evidently  the  result 
of  altered  climate.  The  northern  seas  must  ever  have  been 
inclement,  and  the  tropical  seas  always  tropical ;  but  the 
latitude  of   England,  being  most  liable  to  vicissitudes  of 
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climftte,  might  be  expected  to  shew  the  greatest  variety, 
and  the  most  complete  and  rapid  alterations  of  oi^nic  life. 
In  the  London  clay  are  found  many  species  of  Clavdla, 
Typhis,  Mitra,  Pseudoliva,  Oliva,a.nd  Ancillaria;  and  some 
extinct  forms  {Leiostoma  and  Sirepsidura)  related  to  Fustts. 


Fig.  28. 
Tertiary  Univalvei. 
N«iitilua  (Aluria)  zic-zac,  Slif. ;  Eoeene,  Britain. 
NauliluB  sic-zac,  front  view  of  a  septvm. 
Conorbis  donuilor,  Sol. ;  Eoeetit,  Britain. 
BoFBonia  linsata,  T.  Bdw. ;  M.  Eoeene,  HanlH. 
Volatilithea  luctfttor,  Sol.;  Eoeene,  Britain. 
Katica  (DeBbajenia)  cochlearia,  Brongn. ;  Eocene,  !4.  Italj. 
TurritelU  (Piolo)  catbedralia,  Brangn, ;  Miocene,  Bordeaux. 
Nerita  (Velates)  perversa,  Gm. ;  Eocene,  France. 
Helii  (LjcUnua)  Malhflroni,  Eeq. ;  Eootae,  S.  Franca. 
Feniseina  tricarinata,  H.  Br.;  Miocene,  Hockbeim. 
Vatvaria  bulloidea,  Tahi.;  Eoeene,  Ongaim. 
Vaginella  depresBa,  Baat. ;  Mioeene,  Bonleaax. 

The  middle  tertiary,  wanting  in  England,  but  largely  deve- 
loped in  Central  and  Southern  Europe,  also  contains  many 
genera  belonging  now  to  warraer  latitudes,  and  many  species 
still  living  in  the  south.  In  the  newer  tertiaries  of  Europe 
these  southern  forms  disappear,  and  are  gradually  replaced  by 
others  of  an  opposite  character  {Trophon,  ^eplunia,  and  Tricko- 
tropif),  now  inhabiting  the  Arctic  andboi'cal  coasts.    The  entire 
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number  of  fossil  Muriddoe  amounts  to  1000,  or  about  half  as 
many  as  the  recent.  The  older  tertiaries  of  England  also 
contain  species  of  Triton^  Cassidaridy  Cancellaria,  and  Pyrula, 
shells  (now  foreign  to  our  seas),  which  have  formerly  been 
included  in  this  family. 

Conidce, — The  Cones  and  Pleurotomas  appear  first  in  the 
chalk,  and  are  abundant  in  the  eocene,  accompanied  by  an 
intermediate  form  {Conorhis^  fig.  28,  3),  and  another  extinct 
sub-genus  {BorsoniOy  fig.  28,  4),  in  which  the  column  is 
plaited,  as  in  Mitra,  The  genus  Terebra  is  more  common  in 
the  miocene. 

Volutidce. — The  Volutes  also  appear  as  cretaceous  fossils 
in  Europe  and  Southern  India ;  they  are  very  abundant  in 
the  London  clay,  and  one  occurs  in  the  English  crag.  The 
ancient  species  (fig.  28,  5)  are  mostly  distinguished  by  their 
spires  being  acute,  as  in  Mitra,  a  peculiarity  only  found  in  one 
very  rare  living  (?)  species,  dredged  from  a  bed  of  dead  shells 
in  132  fathoms  water  (792  feet)  off  the  Cape.  The  crag  Volute 
resembles  the  Magellanic  form.  Cyniba  olla,  the  only  living 
European  Volute,  is  a  fossil  in  the  pliocene  of  Majorca. 

CyprcMcB. — The  Cowries  form  another  group  of  sub- 
tropical shells  once  common  in  the  temperate  zone.  Several 
large  species  are  found  in  the  London  clay,  most  nearly 
related  to  the  southern  Cyprovula;  whilst  the  crag  contains 
only  members  of  the  sub-genus  TriviOj  one  of  which  still 
lives  on  our  coast. 

As  regards  bulk,  there  are  no  fossil  species  of  Fusus, 
Triton,  Casm,  Stromims  or  VolutOy  to  compare  with  those  of 
the  present  day.  The  **  fountain-shell "  (Stronibus  gigas),  of 
which  so  many  ai'e  imported  from  the  West  Indies  for  the 
manufacture  of  cameos,  may  weigh  5  lbs. 

Holostomata,* — The  round-mouthed  shells,  whether  animal- 
feeders  or  v^etarians,  make  a  conspicuous  figure  amongst  the 

*  Gr.  holos  whole,  and  stoma  mouth. 
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fossils  of  an  earlier  period  than  that  in  which  the  last  group 
began  to  flourish.  The  carnivorous  Naticidm  and  Pyramidcl- 
lidce  are  represented  in  the  pala?ozoic  strata  by  Katicopsis, 
Loxonema  (fig.  26,  i),  and  Macrocheiltis  (fig.  26,  ») ;  most  of  the 
species  of  the  latter  genus  from  the  coal-measures  of  Ohio  and 
Illinois  are  more  ventricose  than  the  one  figured  from  the 
Devonian  bed  in  Germany.  The  oceanic  violet-snail  {Ian- 
thina),  so  unlike  any  other  existing  shell-fish,  seems  related  to 
the  Silurian  Scaliies^  Raphistoma,  and  Holopea.  Shells  like 
Scalaria  and  SolaHum  occur  in  the  trias  and  oolites  associated 
with  Chemnitzice  (?)  of  extraordinary  size,  and  species  of 
Eulima  and  Niso,  These  families  of  shells  and  the  Cen- 
thiadce  are  more  abundant  fossil  than  recent,  the  known 
numbers  being  1500  extinct  and  900  living  forms.  SolarixBy 
with  disconnected  whorls  and  pjrramidal  opercula  (Bifrontia, 
DL),  are  common  in  the  eocene  tertiary,  and  a  single  living 
species  {B.  zandced)  has  been  discovered  by  M'Andrew. 

Amongst  the  tertiary  Naticas  are  many  with  an  oblique 
aperture  and  peculiar  perforation  (Globulvs,J.  Sby.y=Ampid- 
lintty  Bl.)  and  others  with  prominences  on  the  pillar  (Deshay^ 
sia,  fig.  28,  6).  The  Nerinceas  of  the  oolites  are  remarkable  for 
the  spiral  ridges  (Uke  the  ^^worm"  of  a  screw)  winding  round 
their  interior,  and  giving  rise  to  the  variety  of  singular  pat- 
terns seen  in  sections  (fig.  27,  4).  A  similar  structure  exists 
in  the  recent  "  telescope-shelP  {Terebralia).  The  fresh-water 
imivalves  of  the  Wealden  and  older  tertiaries  differ  but  little 
from  their  recent  congeners  of  the  genera  Pahidina,  Potamides, 
Mdanidy  and  MelaTwpsts.  Fossil  TurriielUe  are  of  doubtful 
occurrence  before  the  tertiary ;  the  Silurian  species  have  the 
peristome  complete  {Holopella,  M'C.) ;  another  form  {ProtOy 
fig.  28,  7)  is  characteristic  of  the  miocene.  Fossil  Trochidce 
are  very  numerous,  but  hitherto  many  Litarinidce  have 
doubtless  been  included  with  them.  Perhaps  no  true  Turbo 
is  known  from  strata  before  the  cretaceous. 


- 1 
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The  bonnet-limpets  {Calyptrceidce)  are  common  in  the 
old  rocks,  which  also  contain  a  few  species  of  Chiton  and 
shells  like  Dentaimm.    The  DerUalium  primarium  is  from 
Devonian  limestone  of  Illinois  and  D.  obsoletum  from  the 
coal  measures  of  the  same  part  of  North  America.     One 
common  feature  of   the    palaeozoic    spiral    shells    is  their 
tendency  to  become  irregular  towards  the  conclusion  of  their 
growth:  in  Serpularia  {=PhaneTotinv>$^  Sby.),  the  whorls  are 
all  disunited;  in  Scoliostoma  (fig.  26,  3)  and  Catantostoma  the 
aperture  is  expanded.     Some  small  oolitic  shells  have  a  thick- 
ened peristome  {Crossostoma,  fig.  27,  s),  like  the  recent  Lietia, 
which  commences  in  the  older  tertiary.    A  large  proportion 
of  the  trochiform  fossil  shells  have  their  whorls,  whether  round 
or  angular,  marked  by  a  peculiar  band,  usually  terminating  in 
a  deep  slit  at  the  aperture ;  most  of  these  were  solid  nacreous 
shells  belonging  to  the  genus  Pleurotomaric^  of  which  but  a 
single  species  survives ;  others  in  their  slendemess  resemble 
Turritdlmy  and  have  been  named  Murchisonia  (fig.  26,  s). 
The  Pleurotamaria  sphcBTulata  of  the  Missouri  coal-formations 
has  the  aperture  substromboidal  and  entire.    The  carbonife- 
rous shell  called  Polytremaria  has  a  row  of  holes  in  place  of  a 
slit;  and  the  Silurian  Tubina  (fig.  26,  8)  has  three  rows  of 
tubular  spines.    The  Cirrus  of  the  inferior  oolite  is  a  reversed 
shell  with  one  row  of  similar  ornaments ;  and  Trochotoma 
(fig.  27,  6)  has  a  perforation  near  the  margin  of  the  aperture, 
which  is  carried  onward  as  the  shell  grows.     Sdssv/rdloj 
which  is  always  diminutive  and  not  pearly,  makes  its  first 
appearance  only  in  the  newer  tertiary.    Hqliotis  occurs  in 
the  miocene  of  Malta.    The  NerUidce  appear  in  the  oolites ; 
besides  true  Nerites,  there  are  Neritorrue  (fig.  27,  7),  with  a 
channeled  outer  lip ;  Pileolus,  which  is  perfectly  limpet-like 
above  (fig.  27,  8) ;  and  NerUopsis^  with  its  angular  columellar 
notch  most  distinctly  marked.    Key-hole  limpets  {Fissurellidoe) 
occur  as  early  as  the  carboniferous  period,  but  are  very  scarce 
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at  first,  aiid  never  become  numerous.  The  oolitic  Rimula  is  a 
minute  shell  supposed  to  be  related  to  a  very  rare  living  spe- 
cies. Ordinary  limpets  {Patellidcc)  of  unequivocal  form  are 
found  in  the  Bath  oolite,  but  are  afterwards  less  plentiful,  and 
almost  disappear  from  the  tertiaries ;  M.  d'Orbigny  regarded 
them  as  generically  distinct,  but  employed  for  them  a  name 
{Helcwriy  Mont.)  synonymous  with  Patella, 

Pulmonifera. — The  existence  of  air-breathing  snails  in  the 
palaeozoic  rocks  is  shewn  by  a  small  "  chrysalis-shell,**  with  a 
round,  not  toothed,  aperture  (Dendropupa),  discovered  by  Dr. 
Dawson  and  Sir  C.  Lyell  in  a  hollow  coal  tree  of  Nova  Scotia. 
Upwards  of  40  species  of  Pupa  have  been  found  fossil  in  eocene 
strata.  Tlie  Purbeck  limestone  contains  a  modem-looking 
Physa  ;  and  other  species  of  extraordinary  size  are  found  in 
the  older  tertiary  of  France,  and  also  in  Central  India,  where 
the  genus  does  not  exist  at  the  present  day.  The  fresh-water 
eocene  of  the  Isle  of  Wight  and  Paris  has  afforded  many  spe- 
cies of  Limncea  and  Planorbis;  a  Glandina  rivalling  in  size 
the  0.  truncaia  of  South  Carolina ;  a  Cyclostoma,  with  a  sculp- 
tured operculum  like  the  Gyclotus  Jamaicensis ;  and  an  elon- 
gated species  of  the  section  Megalorruistoma,  which  is  now  liv- 
ing in  both  East  and  West  Indies.  At  Hordle  has  been  found 
the  little  Helix  lahyrinthictts,  still  living  in  Texas ;  and  in 
the  south  of  France  occur  representatives  of  the  Brazilian 
genera  Megaspira  and  Anastoma,  In  the  miocene  is  found 
another  genus  (Fenisdna,  fig.  28,  lo)  resembling  the  lamp-snail, 
but  supposed  to  be  operculated.  The  Pulmonifera  of  the  Eng- 
lish pliocene  are  in  a  few  instances  extinct,  at  least  in  England ; 
nearly  all  are  still  living  here,  but  more  or  less  abundant  now 
than  they  were  in  the  times  of  the  mastodon  and  elephant. 
The  extinct  land-snails  of  the  Atlantic  islands  Madeira  and 
Porto  Santo  are  associated  with  remains  of  many  recent  species 
occurring  in  numbers  which  have  relatively  altered,  telling  the 
same  tale  of  gradual  changes,  affecting  some  species  prejudici- 
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ally,  but  favourable  to  the  increase  of  others.  The  fossil  land- 
snails  of  St.  Helena  were  supposed  by  Mr.  Darwin  to  have 
become  finally  extinct  only  in  the  last  century,  owing  to  the 
destruction  of  the  native  woods  by  the  instrumentality  of 
goats  and  swine. 

Tectibranchiata, — The  families  typified  by  TomaMla, 
Ringicula^  and  Bulla  played  a  more  important  part  in  the 
secondary  and  tertiary  periods,  but  their  affinities  have  been 
seldom  understood.  The  cone-like  Adeonina  appeared  in  the 
carboniferous  rocks,  and  attained  a  remarkable  development 
in  the  lias  (fig.  27,  >o).  They  were  succeeded  by  the  Acteonellce, 
with  a  plaited  columella,  in  the  cretaceous  strata ;  and  by 
Volvaria  (fig.  28,  n)  in  the  eocene.  The  diminutive  Ringiculce 
of  our  seas  were  preceded  by  large  species  of  the  same  genus 
in  the  tertiaries,  and  by  Cinulia  (fig.  27,  9),  Globiconcha^  and 
Tylostoma^  in  the  cretaceous  strata.  The  genus  Varigera  has 
varices  recurring  twice  in  each  whorl,  like  Etilima;  and 
Pterodonta  is  winged  like  Stromhis, 

Class  IV.— CEPHALOPODA, 

These  are  encephalous  Mollusca,  with  locomotive  and 
prehensile  organs  radiating  from  the  head  (fig.  29,  <,  A). 
The  animal  is  divided  into  a  somatal  (m,  {)  and  paUial  (m,  0) 
portion.  The  former  is  chiefly  muscular.  It  contains  the 
organs  of  sense,  mastication,  and  deglutition,  and,  although  it 
supports  the  organs  of  prehension  and  the  chief  powers  of 
locomotion,  it  is  called  the  **  head,"  (a,  c)  whence  the  name  of 
the  class.  The  pallial  division,  termed  **  trunk,"  or  abdomen, 
consists  of  a  more  or  less  muscular  sac  or  mantle,  with  a 
transverse  anterior  aperture,  from  which  an  expiratory  siphon 
or ** funnel"  (/)  projects;  and  it  contains  the  respiratory,  gene- 
rative, and  digestive  organs.  The  branchiae  are  pinnatifid 
and  concealed.  The  sexes  are  distinct.  All  Cephalopods  are 
oviparous. 
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Order  1. — Tetrabranchiata. 
{Nautiloid  Cephalopoda.) 
Brancbige  in  two  pairs,  witliout  branchial  hearts  ;  funnel 
formed  by  a  convohite  muscular  plate ;  mantle  thin,  and 
feebly  muscular ;  no  ink-bag ;  anna  very  numerous,  hollow, 
and  with  retractile  tentaciila  ;  mandibles  with  calcareous  tips ; 
eyea  pedimculate ;  head  retractile,  within  a  shell,  which  is 
external,  many  chambered,  siphnnculate,  the  outer  layers 
porcellaneous,  the  inner  layers  and  partitions  nacreons. 


Fig.  29. 
SautUv*  PompQiut. 

Oenus  Natjtilus,  Liim.— Shell  discoid,  symmetrical,  with 
the  apertures,  sutures,  and  siphuncle,  simple.  The  anatomical 
characters  of  the  order  are  also  those  of  the  sole  existing  genus. 
It  is  the  representative  of  numerous  genera  and  species  of 
chambered  Ccphalopods  that  abounded  in  the  Falieozic  and 
Secondary  periods,  but  which  seem  to  have  been  superseded. 
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as  camivorons  MollnskSy  in  the  Tertiaiy  and  recent  periods 
by  the  pectinibranchiate  (xastiopods. 

The  organization  of  the  -peaxlj  KaatUus  {Nautilus  Pomr 
jnlim)  throws  light  upon  that  of  the  extinct  Ammonites^  OrtJuh 
eeratiieSy  LitwUeSj  TwrrUiteSy  etc^  and  possesses,  therefore,  an 
extrinsic  interest,  besides  that  which  arises  from  the  peculiar 
modifications  of  molluscous  structure  which  it  presents. 

In  fig.  29,  representing  the  animal  retracted  within  the 
shell,  a  Cy  shews  the  chambered  part^  h  the  last  chamber,  a  the 
attaching  muscle,  c  the  crop,  /  the  funnel,  h  the  hood,  t  the 
tentacles,  m  the  free  margin  of  the  retracted  mantle. 

Of  the  lower  group  of  Gephalopods,  possessing  chambered 
shells  similar  to  the  pearly  NautUiy  there  are  1400  extinct 
species,  belonging  to  above  30  genera,  while  3  or  4  species 
alone  exist  in  modem  seaa  These  fossils  resemble  the  Nautir 
luSy  and  differ  from  the  dibranchiate  Spirula  in  the  structure 
of  their  shell,  which  is  composed  of  two  layers,  the  outer  por- 
cellaneous, the  inner  pearly ;  whereas  the  Spirula — an  internal 
shell — is  entirely  nacreous.  They  also  agree  with  the  Nautilus 
in  the  relative  capacity  of  their  last  chamber,  which  seems 
obviously  large  enough  to  contain  the  whole  animaL  More- 
over, it  appears,  from  the  position  of  the  siphuncle  and  the 
form  of  the  aperture,  that  these  shells  were  revolutely  spiral, 
or  coiled  over  the  back  of  the  animal,  and  not  involute  like 
the  Spirula.  No  traces  of  fossil  ink  (sepia)  or  homy  claws 
have  been  found  associated  with  them,  nor  any  indications  of 
dense  muscular  tissue,  even  in  the  same  matrix  which  has  pre- 
served so  completely  the  mummy  cuttle-fish.  By  their  form 
and  size  they  were  ill  adapted  for  rapid  locomotion,  and  must 
have  depended  for  safety  on  the  shelter  afforded  by  their 
solid  shell  The  discoidal  Ammonites  attained  a  diameter 
approaching  3  feet^  and  the  straight-shelled  Orthoceratites 
sometimes  exceeded  6  feet  in  length.  These  latter  must 
have  lived  habitually  in  a  position  nearly  vertical;  whilst 
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the   discoidal  genem   would   creep   over    the   sea-bed  with 
their  air-chambers  above  them,  like  a  snail-shell  reversed. 
The   Ammonites   appear  to    have   been    provided  with    an 
operculum,  more  secure  than  the  "hood"  of  the  Nautilus, 
composed,  like  it,  of  two  elements,  not,  however,  fibrous  and 
confluent,  but  calcified  and  united   by   a  straight   suture. 
These  opercula,  which  have  been  mistaken  for  bivalve  shells, 
have   a  porous   structure   altogether   peculiar    and   are  fre- 
quently sculptured   on  their  outer  convex   surface;   w^hilst 
their  concavity  exhibits   only  lines   of  growth  (fig.  31,  7). 
Special  forms   of  Aptychus  are  associated,  in  all  localities, 
with  particular  species  of  ammonite ;  and  their  size  is  adapted 
exactly  to  the  specimens  in  which  they  are  found.     Calca- 
reous mandibles  occur  in  all  the  secondary  strata,  but  not, 
hitherto,  in  such  numbers  or  circumstances  as  to  imply  that 
they  belonged  to  any  other  genus  beside  the  true  Nautilus. 
They  are  of  two  forms:  those  corresponding  to  the  upper 
mandible  (fig.  31,  g)  have  been  called  "  Ehyncholites"  {Palceo- 
teuthis  and  Rynchoteuihis  of  D'Orbigny);   whilst  the  lower 
mandibles  constitute  the  genus  Conchorhynchits  of  De  Blain- 
viUe  (fig.  31,  9).    The  arms  of  the  extinct  Tetrabranchs  may 
have  been  organized  like  those  of  the  Nautilus,  but  were 
probably  less  numerous  in  the  genera  with  slender  shells,  and 
in  those  early  forms  with  a  small  many-lobed  aperture.     The 
length  of  the  body-chamber  is  greatest  when  its  diameter  is 
least;  and  the  prominent  spines  which  ornament  the  exterior 
are  partitioned  oif  internally  by  a  nacreotis  lamina,  indi- 
cating considerable  motion  of  the  animal  in  its  shell.    When 
the  outer  shell  of  the  fossil  is  removed  by  decomposition,  or 
the  hammer,  the  margins  of  the  internal  septa  (or  partitions 
of  the  air-chambers)  are  exposed:  these  marginal  lines  are 
called  **  sutures." 

The  chambered  shells  may  be  divided  into  two  principal 
groups,  viz.,  those  with  simple  sutures,  like  the  recent  nauti- 
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lus;  and  those  with  sutures,  lobed  and  foliaceous  like  the 
fossil  Ammonites.  In  the  former  the  siphuncle  is  central  or 
internal  (i.e.,  at  the  margin  next  the  spire) ;  in  the  latter  it  is 
external  (i.e^  at  the  back  of  the  shell,  but  ventral  as  regards 
the  animal,  see  fig.  29).  There  are,  however,  Nautili  with 
lobed  sutures  (Aturia,  Bronn,  fig.  28,  i) ;  and  some  with  an  ex- 
ternal siphuncle  (Cryptoceras,  d'Orb.)  And  on  the  other  hand, 
the  sutures  of  the  Ammonite  are  at  first  very  slightly  lobed, 
and  become  progressively  more  complex;  so  that  specimens 
of  the  same  species  have  been  referred  to  three  genera — 
GonicUiteSy  Ceratites^  and  Amtrumites — according  to  their 
age. 

With  the  exception  of  Goniatites,  the  Ammmiitidce  are 
peculiar  to,  and  co-extensive  with,  the  secondary  strata;  while 
the  NautUidcCy  with  the  exception  of  NautUus  and  Aiuria^ 
are  confined  to  the  palaeozoic  rocks.  But  the  palaeozoic  so- 
called  Nautilidce  exhibit  peculiarities  suggesting  very  wide 
difTerences  from  the  modern  pearly  Nautilus.  It  has  been 
proposed  to  associate  the  greater  part  of  them  with  the  Ortho- 
cercUa  as  a  distinct  family,  but  at  present  the  data  are  defec- 
tive Like  the  Ammonitidce^  their  shells  assume  almost  every 
conceivable  form  and  curvature,  and  the  genera  founded  on 
these  characters  are  very  ill  defined. 

Nautilidce. — Some  of  the  carboniferous  Nautili  have  a 
square  back,  and  the  whorls  either  compact  or  open  in  the 
centre  (fig.  30,  i) ;  whilst  the  last  chamber  is  more  or  less 
disimited.  The  species  with  the  whorls  quite  disunited  con- 
stitute the  genus  Trigonoceras,  M*C.  (  =  NautiloceraSy  d'Orb.) 
The  Silurian  genus  TrocJioceraSy  Barr,  is  a  spiral  Nautilus. 
Clymeniay  a  characteristic  Devonian  fossi],  has  angular  sutures 
and  an  internal  siphuncle;  it  may  perhaps  be  coiled  up 
ventrally  like  the  &pirvla.  The  tertiary  shell  called  Nautilus 
zic-zae  (Atwria,  Br.,  fig,  28,  i,  a),  which  is  so  widely  distributed 
in  Europe,  America,  and  India,  has  a  siphuncle  nearly  mar- 
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ginal  when  young,  but  gradually  becoming  more  central  in 
the  adult ;  it  has  no  special  relation  to  Clymenia. 

Orthoceratidas. — The  simplest  form  of  Orthoceras  ia  like 
a  Nautilus  unroUed;  and  Liluites  (fig.  30,  i)  is  the  same 
with  the  apex  spiraL  Those  species  of  OrthoeercUa  in  which 
the  aperture  is  contracted,  form  the  genus  Apiocera^  Fischer 
( ^  Poterioceras,  M'C),  or  when  also  curved,  the  Oncoctras  of 


Fig.  30. 

I,  Ntatilooaru  OauUii,  de  Kod,  ;  Carbwiiftrmtt,  Belgium. 

1.  litnites  (Brejnina);  U.  StUtritm,  Sweden. 

].  Section  of  Cljmenia,  ihewiQginteni&l  sipbaacle  ;  .£)«ti(miiiii,  Pathenrin. 

4.  Section  of  Cftmuticeru  duplex,  Wahl.;  L.  ^urian,  Rossia. 

5.  Siphande  of  Hqronit  Bigtbji,  Stokes ;  with  outline  of  ihell  »nd  septa. 

6.  Bipbanole  ofDiKioaaniB,  Hall ;   U,  ftturvm,  I«ke  Hnron. 

7.  Phragmoceru  TeDtricoiiun,  Sbji, ;  L.  Ludlou)  roek,  Herefordshin. 
S.  Qjrocem  Eifeliense,  d'Arch. ;  Dtvotuan,  Pmuia. 

9.  AKocerM  Boheroionm,  Bur. ;   U.  SQvriaa,  Prague. 
10.  Ooniatitei,  Henilowi,  Bbj.;  Carbtmiferoiis,  Aelariu. 


Hall.  In  Barrande's  genus  Ascoceras  (fig.  30,  9),  the  shell  is 
flask-shaped,  the  chambered  and  siphunculated  apex  being 
apparently  deciduous;  the  aperture  is  contracted,  and  the 
air-chambers  occupy  only  the  dorsal  half  of  the  shell.  In 
Phragmoceraa  (fig.  60,  ?)>  the  shell  is  slightly  curved  to  the 
Tential  side,  and  the  aperture  is  temarkahly  contracted,  the 
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opening  for  the  respiratory  funnel  being  nearly  distinct  from 
the  cephalic  aperture.  In  Cyrtoceras  the  curvature  is  dorsal. 
In  some  other  members  of  this  fanuly  the  siphuncle 
attains  a  remarkable  size  or  extraordinary  complexity.  In 
Gamaroeeras  (fig.  30,  4)y  the  siphuncle  is  lateral,  quite  simple, 
and  equal  to  half  the  diameter  of  the  shelL  Casts  of  these 
great  siphundes  were  called  ^Hyolites"  by  Eichwald;  they 
frequently  contain  small  shells  of  OrthoceraSy  BdleropJian,  and 
other  genera.  In  some  species  the  siphuncle  is  strengthened 
internally  by  repeated  layers  of  shell,  or  partitioned  off  by  a 
succession  of  funnel-shaped  diaphragms ;  these  constitute  the 
genus  Endoceras  of  Hall.  The  same  author  has  given  the 
name  Discasorvs  to  a  fossil  which  is  evidently  the  siphuncle 
of  some  very  delicate  and  perishable  chambered  shell  (fig.  2,  6). 
In  those  Orthocerata  with  siphuncles  most  nearly  resembling 
the  Discasorus  they  diminish  rapidly  towards  the  last  chamber. 
Perhaps  the  most  remarkable  fossil  of  this  group  is  the  Hvr- 
ronia  (fig.  30,  5)9  found  in  the  upper  Silurian  limestone  of 
Drummond  Island.  Siphimcles  6  feet  in  length  and  H  inch 
in  diameter,  stand  out  in  bold  relief  from  the  cliffs;  they  are 
silicified,  and  are  unaccompanied  by  any  vestige  of  the  shell, 
except  in  one  or  two  instances,  where  the  septa  are  faintly 
indicated  by  coloured  lines.  They  are  sometimes  overgrown 
with  coral,  and  were  evidently  so  durable  as  to  remain  on  the 
sea-bed  long  after  the  shell  itself  had  decayed.  The  joints  of 
the  siphuncle  are  swollen  at  the  upper  part,  and  the  interior 
is  filled  with  an  irregularly-radiated  structure,  apparently 
produced  by  the  plaiting  and  calcification  of  the  lining 
membrane.  This  structure  also  exists  and  is  very  regular 
in  the  siphuncle  of  the  Devonian  Orthoceras  trigonaU^  in  the 
shells  referred  to  Oyroceras  by  d'Orbigny  (fig.  30,  8)  and 
in  AcHnoceraSf  a  sub-genus  of  Orthoceras,  discovered  by  Dr. 
Bigsby,  and  described  by  Stokes.*    The  plication  of  this 

•  G«ol.  Trans.,  vol.  1.,  1826. 
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interior  stnicture  takes  place  in  segments  corresponding  to 
the  septa,  meeting  in  the  centres  of  the  siphuncular  beads, 
and  leaving  spaces  or  foramina  for  the  passage  of  blood-vessels 
to  the  lining  membrane  of  the  air-chambers.  In  the  carboni- 
ferous Actinoceras  gigcmteitvi,  these  foramina  form  a  cross  on 
the  ventral  side  of  the  siphuncle.  The  vascularity  of  the 
lining  membrane  is  well  shewn  in  the  impression  of  septa  on 
the  fine  mudstones  of  the  Ludlow  rock,  often  mistaken  for 
Spongaria,  which  they  somewhat  resemble. 

Towards  the  conclusion  of  its  growth  the  air-chambers  of 
the  Orthocerds  frequently  become  shallower,  and  the  siphuncle 
diminishes  in  size.  These  indications  of  changed  or  diminished 
energies  are  accompanied  by  a  diminution  or  disappearance 
of  the  internal  radiated  stracture  in  the  last  part  of  the 
siphuncle. 

In  Orthoceras  bisipho7iatu7n  {Tretoceras,  Salter)  the  body- 
chamber  is  .prolonged  in  the  form  of  a  marginal  lobe,  simulat- 
ing a  second  siphuncle.  The  genus  Badritites  of  Sandberger 
resembles  an  Orthoceras  with  single-lobed  sutures. 

A7nmonitidce. — In  the  division  or  family  of  chambered 
shells,  with  lobed  sutures  and  a  marginal  siphuncle,  we  find 
a  similar  series  of  forms,  straight,  spiral,  and  discoidal,  but 
more  varied  and  more  highly  ornamented. 

One  large  genus  (Ooniatites,  fig.  30,  lo)  is  found  in  the 
Devonian,  carboniferous,  and  triassic  strata,  and  permanently 
resembles  the  youngest  form  of  the  Ammonites^  having  the 
sutures  lobed  but  not  foliated.  They  seldom  exceed  6  inches 
in  diameter,  and  are  usually  very  much  smaller.  The  whorls 
are  most  frequently  concealed  to  some  extent^  and  often  marked 
by  cross  furrows  or  "  periodic  mouths." 

The  Geratites  are  distinguished  by  having  the  lobes  of  the 
sutures  serrated,  while  the  intervening  '*  saddles^  (or  curves 
directed  towards  the  aperture)  are  simple.  They  are  found 
in  the  trias  of  Europe,  Thibet,  and  South  America ;  and  again 
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though  rarely,  in  the  cretaceous  strata  of  France  and  Syria 
— a  circumstance  quite  anomalous  in  the  history  of  the  geo- 
logical distribution  of  lifa  Mauy  Ammonites,  perhaps  all,  are 
like  Ceratites  when  young. 

A  bisected  specimen  of  the  Ammonitea  obtvsus,  in  the 
Hunterian  collection  (No.  188  Fossil  series,  Mus.  CoU.  Chir.), 
shews  well  the  extent  of  the  last,  or  inhabited  chamber  of  the 


t,  Ceratite*  nodocDi  Brng. ;  MuttMlcaOc,  BaTaria. 

I.  Ajomonitaii  DunoMii  (apinosus,  Sby.) ;   Oxford  Clay,  Wilm, 
].  Tumlites  memuBi,  Sbarpe ;  L.  Chalk,  Lewes. 

4.  Bacnlilea  ancepa,  Lam. ;  ChaUe,  Noimandj. 

5.  HamiteiattenuBtus,  Sby.;   Couif,  Folkestone. 

6.  Scaphites  •loanii,  Puzos;  Nueomian,  France. 

?.  (Trigonellitea  or  Aptjcbus),  opercolam  of  AmiDODites. 

t.  (RbjncholitaB  birundo],  upper  maudible  ot  Nautilus  arietis,  Rein  ;   Mas- 

ckelialk. 
9.  Lower  mandible  (Conchorjnchua  aviroBtria). 


shell,  and  the  effects  of  the  influence  of  the  animal  matter  of 
the  decaying  cephalopod  upon  the  petrifactive  processes  after 
death.  The  liassic  clay  has  penetrated  as  far  as  the  retracted 
soft  parts  of  the  ammonite  permitted ;  the  decomposing  mollusk 
had  been  pari^ially  replaced  by  crystals  of  calc  spar,  discoloured 
by  the  pigmental  or  carbonized  parts  of  the  auimal.     The 
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spar,  which  has  more  slowly  infiltrated  through  the  pores  of 
the  shell  into  the  aiiKjhambers,  is  of  a  much  lighter  colour. 
In  the  same  collection  may  be  seen  exemplifications  of  injury 
and  repair  of  the  shell.  In  No.  195,  Ammonites  Ooliathvs, 
from  **  Oxford  clay,"  a  portion  of  the  shell,  at  the  period  when 
it  formed  the  dwelling-chamber,  "had  been  broken  away 
during  the  lifetime  of  the  animal,  and  repaired  by  fresh 
nacreous  material,  wanting  the  ribbed  structure  of  the  origin- 
nally  formed  shell."* 

The  species  of  Ammonite  exceed  500 ;  and  their  range  is 
co-extensive  with  that  of  the  secondary  rocks.  They  are 
found  throughout  Europe,  and  at  the  Gape,  in  Elamtschatka, 
Thibet,  and  S.  India.  They  are  absent  from  a  large  area  of 
the  United  States,  but  are  found  in  the  cretaceous  strata  of 
New  Jersey,  Missouri,  and  the  West  Indian  Islands;  also  in 
Chili  and  Bogota. 

The  sections  into  which,  for  the  sake  of  convenience,  this 
extremely  natural  group  has  been  broken  up,  are  very  ill- 
defined,  and  cannot  even  be  considered  sub-generic.  The 
group  (called  Cassiani)  characterising  the  triassic  period,  is 
remarkable  for  many-lobed  and  elaborately-foliated  sutures 
— a  circumstance  more  important  because  it  is  the  oldest 
group,  and  associated  with  Ceratites  and  the  last-surviving 
Ooniatites  and  Orthocerata.  They  abound  in  the  **  alpine 
limestone"  of  St.  Gassian,  and  Halstatt  in  Austria.  A  second 
group  (Arietes),  having  the  back  keeled,  with  a  furrow  on 
each  side  of  the  keel,  as  in  the  great  Ammonites  called  Btick- 
landi  and  Coneybeardy  mark  the  lias  period;  they  are  less 
plentiful  in  the  oolites,  and  are  represented  in  the  greensands 
by  the  Cristatiy  which  are  keeled,  but  not  furrowed,  and 
develop  a  "beak,"  or  process,  from  the  keel  when  adult 

*  Catalogue  of  Fobsi]  Inveriebrata,  Mas.  College  of  Surgeons,  London,  4to, 
p.  43,  in  which  work  the  writer  has  described  upwards  of  350  specimens, 
illustrative  of  the  different  sections  of  Ammonitidse,  collected  bj  John  Hunter  in 
the  last  century. 
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The  Arietes  pass  by  many  intermediate  fonns  into  the  Falci- 
feri  (e.g^  A.  serpentintis),  also  characteristic  of  the  upper  lias, 
and  these  are  represented  by  a  few  quoit-shaped  species 
(Di8ei)y  with  sharp  backs,  in  the  oolites. 

Ammonites  with  serrated  keels  (Amalthei)^  exemplified  by 
A,  spiruUtis  and  margaritcUvs,  abound  in  the  middle  and 
upper  lias,  and  again  in  the  oolites  (e.g.,  A.  cordatus  and 
exca/vcUm).  They  are  succeeded  by  the  Rothomagenses  in  the 
chalk — ^thick  Ammonites  with  a  line  of  tubercles  in  the  place 
of  the  keel. 

Ammonites  with  channelled  backs  (CoUiciati)  are  repre- 
sented in  the  lias  {A,  anguliferus)^  inferior  oolites  (A,  Parkirin 
Bon{)f  and  middle  oolite  {A.  anceps)^  and  in  the  cretaceous 
strata  by  numerous  species  (e,g^  A.  serrattts,  lautvsy  and  faU 
catvs\  remarkable  for  their  elegance. 

Of  the  species  with  backs  more  or  less  squared,  armatus 
and  capricomtLS  occur  in  the  lias,  athleta  and  perarmahLS  in 
the  Oxfordian.  But  the  oolitic  fonns  which  have  the  back 
square,  and  ornamented  with  two  rows  of  spines  when  young, 
like  Oower%  Duncani  (fig.  31,  2),  and  Jason^  become  rounded 
and  unarmed  in  their  old  age. 

Bound-backed  Ammonites  abound  in  the  lias  and  oolites. 
The  snake-like  anmdatvSy  the  spine-bearing  coronatus,  and 
JimbricUtis  with  its  ornamented  fringes,  have  been  regarded  as 
types  of  small  groups.  A  more  important  division  {Ligaii) 
is  distinguished  by  nearly  smooth  whorls,  constrictions  re-* 
curring  at  regular  intervals.  These  are  seen  in  A.  tcUricus, 
and  others  related  to  Heteropkyllus;  in  many  neacomian 
Ammonites,  and  in  A,  planviatus  of  the  lower  chalk. 

These  constrictions,  often  accompanied  by  a  prominent 
rib,  undoubtedly  indicate  periods  of  rest^  when  the  Ammonite 
ceased  for  a  while  to  grow.  They  may  be  traced  in  species 
belonging  to  other  groups,  as  well,  e^.,  in  hiplex  and  triplicatus^ 
as  in  the  Ligati;    but  most  frequently  all   indications  are 
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obliterated  by  subsequent  growth.  It  has  been  a  question 
whether  the  lateral  processes  of  Ammonites  Duncani  (fig.  31,  2), 
are  formed  and  removed  periodically,  or  whether  they  are 
peculiar  to  the  adults,  and  mark  the  close  of  their  out- 
ward growth.  The  first  conclusion  is  more  probable  from 
analogy;  and  they  are  commonly  found  with  small  and 
apparently  young  shells,  but  not  (any  more  than  the  lateral 
spines  of  the  living  Argonaut)  in  those  of  adult  size  and  con- 
dition. 

It  was  remarked  by  the  elder  Sowerby  that  Ammonites 
were  most  beautiful  when  of  middle  growth,  the  ornamental 
characters  being  less  developed  in  the  young,  and  lost  in  the 
adult.  The  ribs  and  spines,  and  even  the  keel  or  furrow  of 
the  back  disappear,  in  many  instances,  from  the  body-whorl  of 
the  full-grown  shell. 

Varieties  of  form,  such  as  marked  the  palaeozoic  Nautilidce, 
are  met  with  in  the  Ammonitidce,  chiefly  towards  the  close  of 
their  reign.  The  B<icidit€  (fig.  31,  4),  with  its  straight  shell, 
is  characteristic  of  the  upper  chalk ;  and  the  Turrilite^  which 
is  spiral,  and  usually  a  left-handed  spiral,  abounds  in  the 
lowest  beds  of  the  same  formation.  In  Hamiies  the  sheU  is 
straight,  returning  upon  itself  after  a  certain  space,  and 
forming  a  simple  or  complex  hook.  In  Ptychoceras  these 
limbs  of  the  hook-like  shell  are  in  close  contact  The 
Toococeras  is  curved  like  a  bow;  in  Crioceras  the  disooidal 
whirls  are  separate ;  and  in  Scaphites  (including  Ancyhceras) 
the  shell,  at  first  compact  like  an  Ammonite,  or  open-whirled 
like  Crioceraay  lengthens  out  finally,  and  returns  upon  itself 
like  the  crozier  of  the  Hamite.  Helicoceras,  again,  connects 
the  last  with  the  Turrilite  by  its  elevated  spire  terminating 
in  a  prolonged  crozier. 

Of  these  forms,  Ancyloceras  alone  is  found  in  the  oolites ; 
aU  the  rest  are  cretaceoxLs;  and  most  abound  in  the  alpine 
districts  of  the  south  of  France. 
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Order  2. — Dibranchiata. 
{Squuls,  Cuttle-fishes.) 

In  this  order  the  branchiae  are  two,  forming  a  pair,  each 
with  a  branchial  heart;  the  funnel  is  an  entire  tube;  the 
niEtntle  is  muscular;  there  is  an  ink-bag;  the  eyes  are  sessile ; 
the  beak  homy ;  and  the  shell  internal  (save  in  the  females 
of  the  genus  Argonauta). 

Compared  with  the  NaiUUuSy  the  cephalic  organs  of  pre- 
hension are  much  reduced  in  number,  the  external  ones, 
continued  from  the  6ral  sheath,  not  exceeding  eight,  as  in 
fig.  32,  c,  to  which  in  most  of  the  genera,  is  added  a  pair  of 
internal  and  much  longer  tentacula^  d.  The  arms  are  much 
increased  in  size  and  of  a  more  complicated  structure,  sup- 
porting on  their  internal  surface  nimierous  suckers,  and 
sometimes  connected  together  by  a  powerful  muscular  web. 
The  eyes  are  much  laiger  and  more  complex,  are  no  longer 
pedunculated,  but  lodged  in  orbits  (fig.  32,  e  e).  The  mouth 
is  armed  with  two  piercing  and  trenchant  homy  jaws,  resem- 
bling in  shape  and  in  their  vertical  movements  those  of  the 
NaviUus.  The  gUls  are  two  in  number,  each  with  a  ventricle, 
expressly  appropriated  to  the  branchial  circulation ;  the  sys- 
temic circulation  having  a  single  muscular  ventricle  as  in 
the  Nautilus.  The  infundibulum  (fig.  33,  /)  is  a  complete 
muscular  tube,  shaped  like  an  inverted  funnel.  They  possess 
a  gland  and  membranous  receptacle  for  secreting  and  expelling 
an  inky  fluid.  The  sexual  organs  are  in  distinct  individuals, 
as  in  the  Tetrabranchiate  order.  All  the  species  of  both 
orders  of  Cephalopods  are  aquatic  and  marine. 

The  Dibranchiate  order  is  subdivided  into  two  tribes ; 
the  one  provided  with  the  eight  ordinary  arms  (fig.  32,  c) 
and  the  two  longer  tentacles  (ib.  d),  hence  called  Decapoda; 
the  other  tribe  without  the  tentacles,  and  called  Octopoda 
(fig.  33,  I,  i,  3.  4). 
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The  various  forms  of  the  extinct  Belemnitidas  constitated 
one  fomily  in  the  Decapod  tribe.  The  little  Spinda,  chaiac- 
teiised  by  a  less  complex,  but  internal  chambered  shell,  is  the 


Fig.  32, 
Sepia  officinalu  [one-fourth  n&tural  tize). 

type  of  a  second  family  The  cuttle-fish  {Sepia,  fig.  32), 
known  by  its  internal  calcareous  shell  which  remotely  repre- 
sents  that  of  the  Belemniie,  exemplifies  a  third  &mily  of 
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Decapods  called  Sepiada.  The  common  calamary  (Loligo),  in 
which  the  internal  shell  ia  reduced  to  a  homy  ijuill-shaped 
plate,  represents  the  fourth  and  most  extensive  family  of  the 
present  tribe  called  TevihidoE;  and  in  which  one  genus 
(£noploteuihis)  had  the  caruncle  of  its  acetabula  produced 
into  homy  claws.  In  aU  the  Decapods  the  mantle  supporto  a 
pair  of  fins,  and  the  siphon  is  generally  provided  wifli  a 
valve. 


3P!g.M. 
The  Argonaia. 

In  the  tribe  Octopoda,  fins  are  rarely  developed  from  the 
oLantle ;  but  the  eight  ordinary  arms  are  longer,  thicker,  and 
are  united  together  by  a  broader  web,  which  forma  a  powerful 
organ  for  swimming  in  a  retrograde  direction.  One  family  in 
this  tribe  (Testaeta)  is  represented  by  the  genus  ArgonaiUa 
(fig.  33),  in  which,  in  the  female  sex,  the  first  or  dorsal  pair  of 
arms,  i,  is  dilated  at  its  extremity  into  a  broad  thin  membrane, 
like  the  mantle  in  the  testaceous  Mollusks;  by  means  of 
these   membranes  the   animal,  in  fact,  forms   for  itself  an 
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extremely  light,  slightly  flexible,  and  elastic,  but  calcareous, 
symmetrical  shell,  which  is  simple,  and  not  divided  into 
chambers ;  the  vacated  portion  communicating  with  the  rest, 
and  being  used  by  the  inhabitant  as  the  receptacle  for  the 
eggs.  No  authentic  fossil  homologue  of  such  a  shell  has  yet 
been  discovered. 

Of  the  two  great  divisions  of  cephalopodous  Mollusca, 

that  which  is  represented  at  the  present  day  by  the  pearly 

Nautilus  was  developed  in  the  greatest  profusion  and  variety 

in  the  palaeozoic  and   secondary  periods;    whilst  the  more 

'  active  and  intelligent  cuttle-fishes  and  squids  have  not  been 

found  in  rocks  older  than  the  lias,*  and  the  kinds,  about 

I 

100,  that,  as  yet,  have  been  found  in  the  whole  secondary 
and  tertiary  series  are  only  about  half  as  many  as  have  been 
obtained  in  existing  seas. 

The  Sepiadce   are  represented  in  the  middle  and  upper 

oolites  by  the  genus  CoccotetUhis  (fig.  34?,  6),  whose  strong  and 

>  granulated  bone  is  furnished  with  broader  lateral  expansions 

*  than  the   recent    cuttle-fishes.      In    the   older  tertiaries  of 

\  London  and  Paris,  many  species  of  Sepia  appear  to  have 

existed,  but  only  the  solid  mucro  (fig.  34,  5)  of  the  shell  is 
^  usually  preserved.      In  the  miocene  tertiary  of  Malta,  a 

diminutive  cuttle-bone  is  not  rare ;  and  at  Turin  a  remark- 
able  foi-m  {Sjnrulirosira,  fig.  34,  7)  has  been  discovered,  in 
which  the  apex  is  provided  with  a  chambered  and  siphonated 
cavity  like  the  shell  of  the  Spirvla,  Two  other  genera, 
Bdoptera  (fig.  34,  8)  and  BdemnosiSy  very  imperfectly  known 
by  rare  and  fragmentary  examples,  occur  in  the  eocene 
tertiary. 

Eemains  of  the  Calamaries  (Teuthidce)  are  often  found  in 
the  fine-grained  and  laminated  argillaceous  limestones  of  the 
lias,  as  at  Lyme  Eegis,  and  of  the  upper  oolites,  as  at  Boll 

*  The  devoniaD  Palasoteuthis  or  ArehceoieuthU  of  Ferd.  Roemer  was  foanded 
on  a  bone  of  FteraspU.    {See  Woodward's  Manual,  p.  417.) 


DIBRANCHUTA.  Ill 

and  Solenhofen.  They  are  usually  the  "gladius"  or  rudi- 
mental  shell  Some  of  these  are  slender,  like  the  pens  of  the 
recent  Ommastrefphes,  and,  as  in  them,  furnished  with  a  small 
conical  appendix  (Plesioteuthis) ;  whilst  others  are  broad,  and 
pointed  at  each  end  (BelotetUhis),  The  most  common  form 
has  the  shaft  wide  and  longer  than  the  wings ;  it  has  a  nac- 
reous lining,  and  is  usually  accompanied  by  a  large  and  well- 
preserved  ink-bag  {OeoteiUhis^  fig.  34,  4).  These  were  called 
Belemnosqna  by  Agassiz  and  Buckland,  who  supposed  them 
to  belong  to  the  same  animal  with  the  Belemnite.  In  Lepto- 
ieuthis  Myr.  the  hinder  end  of  the  gladius  is  truncate.  In 
Celceno  it  is  produced  into  a  slender  stem,  supporting  a  broad 
oval  plate.  One  species  (Mastigophora  hTempinni$^\  with  a 
broad  and  flat  gladius,  appears  to  have  had  the  eight  ordi- 
nary arms  produced  each  into  a  filamentary  appendage. 

Similar  instances  of  the  preserved  soft  parts  of  an  extinct 
family  of  Dibranchiates(5eZem?iz^wfop)  are  of  frequent  occurrence 
in  the  Oxford  clay  near  Chippenham,  which  retains  not  only  the 
homy  (chitinous)  pen  and  ink-bag, but  also  the  muscular  mantle, 
the  rhombic  terminal  fins,  and  at  least  the  bases  of  the  arms 
with  their  minute  hooks,  and  traces  of  the  mandibles.  Homy 
claws,  like  those  of  the  uncinated  Calamary  {Onychoteiithis)^ 
have  been  observed  arranged  in  double  series  in  the  lias  of 
Watchett^  and  they  sometimes  occur  in  great  mimbers  in  the 
coprolitic  remains  of  the  IcMhyosaur,  The  most  remarkable 
examples  of  this  kind  are  preserved  in  the  lithographic  lime- 
stones of  Solenhofen,  and  shew  that  the  extinct  Calamary 
had  ten  nearly  equal  arms,  the  tentacles,  in  their  retracted 
condition,  being  imdistinguishable  from  the  rest — each  fur- 
nished with  20  to  30  pairs  of  formidable  hooks.  What  further 
evidence  was  needed  respecting  the  nature  of  this  creature 
has  been  supplied  by  the  Chippenham  fossils,  which  in  all 

♦  Catalogue   of   Fossil  Invertebrata  in  the  Museum  of  the  College  of 
Surgeons,  London.    4to,  1856,  p.  1. 


112  PAL^ONTOLOCr. 

probability  are  identical  in  genus,  if  not  in  species,  with  the 
Amnihoieuthia  described  by  Miinster.  One  of  these  extra- 
ordinary fossils — the  mummy  of  a  cuttle-fish  more  ancient 
than  the  chalk  formation  and  the  upper  oolites — is  repre- 
sented in  fig.  34,  t,  reduced  to  one^sixth  from  the  original 
in  the  British  Museum.  Nine  of  the  arms  are  preserved,  the 
sclerotic  plates  of  the  eyes,  the  bases  of  the  laige  lateral  fins. 


Fig.  34. 
1.  Beleninitea    Oweni ;     Otfvrd    Clay,    ChippeDhun.   p.    Phragmoeont 

eipo«ed  bj  the  mnoTal  of  the  fibrous  gnard  from  one  aide ;  i,  Mptum, 

■bewiag  the  nuir|^oal  tiphmntie. 
1.  Acaatbotenthii  snttqauB    (Cunnington)  \  Oxford    Clay,   CbipptDbam ; 

doraal  aspect. 
).  CoDot^nthii  Dapinii,  D'Orb. ;   OmiU,  Folkestone. 

4.  Oeoteathis  BoUensis,  Schabler ;   U.  Liat,  WarCemberg. 

5.  SepU  Cnvieri,  Dub. ;  M.  Eacent,  Brackleebam. 

6.  Coccotentbis  Utipinnis,  Ov.;  Kimday,  Kimmeridge. 

7.  Spiruliroatra  Bellardii,  U'Orb.  Miocene,  Tarin. 

i.  Beloptera  belemnitoidea,  Bl,;  .tf.  J%>o«)M,  Brackleshsm. 

the  small  ink-bag  and  the  conical  shell  This  shell,  which 
is  chambered  internally,  like  the  phregmocone  of  the  Belemnite 
(fig.  34,  p),  has  an  outer  sheath  of  fibrous  structure,  one-fourth 
of  an  inch  thick  at  the  apex,  and  furnished  with  two  con- 
verging ridgea  on  its  dorsal  side ;  the  external  sur&ce,  how- 
ever, is  homy  (or  cMtiuous),  like  the  pen  of  the  Calamary. 
These  chambered  shells  occur  in  greet  numbers,  and  are  so 
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like  the  phragmocones  of  the  associated  Belemnites,  both  in 
structure  and  proportions,  that  they  w€fre  originally  described 
by  me  as  such,*  and  they  give  good  evidence  of  the  close 
affinity  of  the  cephalopod  possessing  them  to  the  true  Belem- 
nite  :  hitherto  they  have  only  been  noticed  in  the  laminated 
Oxford  clay  of  Wilts,  and  the  equivalent  lithographic  shales 
of  Solenhofen. 

Species  of  Belemnite  are  found  in  all  the  oolitic  and  cre- 
taceous strata,  from  the  lowest  lias  to  the  upper  chalk.  The 
shell,  in  its  ordinary  imperfect  statue,  is  a  cylinder  pointed  at  one 
end  (fig.  34,  i),  and  truncated  or  excavated  by  a  funnel-shaped 
cavity  {alveolus,  ib.  p)  at  the  other,  and  has  a  radiating  fibrous 
structure,  with  less  distinct  concentric  laminae  of  growth.  But 
even  this  "guard,"  which  corresponds  simply  to  the  "mucro" 
of  the  cuttle-bone  {jh.  5),  exhibits  such  remarkable  modifica- 
tions of  form,  that  nearly  100  species  have  been  founded  upon 
no  higher  evidence.  In  some  Belemnites  of  half  an  inch 
diameter,  the  guard  is  scarcely  an  inch  longer  than  the  phrag- 
mocone ;  whilst  in  others  it  attains  a  length  of  ten  inches,  and 
is  tubular,  as  in  B.  acuaritis.  Some  are  fusiform,  others  later- 
ally compressed ;  some  have  a  longitudinal  groove  extending 
from  the  apex  along  the  upper  or  under  side,  and  in  others 
the  apex  is  furrowed  laterally  as  well.  The  Belemnites  of  the 
chalk  have  been  called  Belemnitellce  (d'Orb.),  because  they 
have  a  slit  in  the  ventral  side  of  the  alveolar  border  of  the 
guard;  their  external  surface  also  exhibits  more  distinct 
traces  of  vascular  impressions. 

Specimens  of  Belemnite  have  been  discovered  in  which  the 
guard  had  been  broken  during  the  lifetime  of  the  animal ;  but 
the  broken  portions,  being  held  together  by  the  investing 
organized  integuments,  had  been  re-imited  by  the  deposition 
of  new  layers  of  the  fibrous  structure  peculiar  to  the  guard. 
Several  examples  of  Belemnites,  with  the  apex  injured  and 

•  Philosopliical  Transactions,  1844 ;  and  Cat.  Fossil  Invert.,  Mus.  Coll.  of 
Surgeons.    4to,  p.  5. 
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healed  during  life,  are  preserved  in  the  British  Museum, 
and  in  that  of  the  London  College  of  Surgeons.*  In  all 
perfect  Belemnites,  the  "  alveolus  '*  is  occupied  by  a  "  phragmo- 
cone  *'  (fig.  34-,  p),  with  tender  nacreous  walls  and  septa,  ter- 
minating in  a  minute  globular  apex,  and  perforated  by  a 
ventral  siphuncle  (fig.  34,  i,  s).  The  last  chamber  is  rarely 
preserx'^ed,  and  appears  to  have  thinned  off  into  a  mere  horny 
sheath,  with  sometimes  two  pearly  bands  like  knife-blades  on 
the  dorsal  side.  It  must  have  been  sufficiently  capacious  to 
contain  all  the  viscera.  The  ink-bag  has  been  very  rarely 
found,  and  is  even  smaller  than  in  the  last  genus,  as  if  in 
relation  to  the  more  greatly  developed  shell. 

The  Coiioteuthis  (fig.  S^,  3)  of  the  Gault  has  an  oblique 
phragmacone,  with  a  veiy  thin  shell,  and  seems  to  have  been 
attached  to  a  slender  style,  like  the  fimnel-shaped  appendix 
of  the  gladius  in  the  recent  sagittated  Calamary. 

Mr.  Dana  has  described,  under  the  name  Helicerus  Fnyi- 
ensis,  a  belemnitoid  fossil  from  the  "  slate"  rock  of  Cape  Honi. 
It  is  half  an  inch  in  diameter,  has  a  thick  fibrous  guard,  and  the 
slender  phragmacone  terminates  in  a  fusiform  spiral  nucleus.! 

Subjoined  is  a  table  of  the  extinct  genera  of  the  mollus- 
cous province : — 

Brachiopoda. — Trigonosemus,  Lyra,  Magas,  Ehynchora,  Zel- 
lania,  Stringocephalus,  Meganteris  ;  Spirifera,  Cyrtia, 
Suessia,  Athyris,  Merista,  Betzia,  Uncites  ;  Camaro- 
phoria,  Porambonites,  Pentamerus,  Atrypa,  Anoplo- 
theca ;  Orthis  Orthisina  Strophomena,  Koninckia, 
Davidsonia,  Calceola;  Producta,  Chonetes,  Aulosteges, 
Strophalosia;  Trematis,  Siphonotreta;  Obolus. 

*  See,  especially,  the  Rpecimcn  of  BdemmUs  ahbreviattu,  from  the  great 
oolite  of  GarsingtoD,  described  and  presented  hy  the  author.  (Cat.  of  Fossils, 
4to,  1856,  No.  22,  p.  7.) 

f  For  the  drawings  and  most  of  the  facts,  or  their  verification,  relating  to 
invertebrate  fossils,  the  writer  is  indebted  to  his  experienced  colleague  in  charge 
of  that  department  of  the  British  Museum,  Mr.  S.  P.  Woodward,  F.G.S. 
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CoNCHiFERA. —  Gryplisea,  Exog}'ra,  Limauoniia,  Carolia, 
Placunopsis,  Neitbea,  Eligmus ;  Pteropema,  Aucella, 
Ambonychia,  Cardiola,  Eurydesma,  Pterinea,  Monotis, 
Posidonomya,  Aviculopecten,  Gervillia,  Streblopteria, 
Pulvinites,  Inoceramus,  Trichites ;  Myalina,  Orthonotus, 
Modiolopsis,  Hoplomy tilus ;  Macrodon,  Isoarca,  Bake- 
wellia,  Niiculina,  Nucinella,  CucuUella,  Ctenodonta; 
Myophoria,  Axiiius,  Lyrodesnia  ;  Diceras,  Monopleura, 
Bequienia  ;  Hippiirites,  Eadiolites,  Caprinella,  Caprina, 
Caprotina  ;  Lithocardium,  Couocardiuni,  Corbicella, 
Spliaera,  Uiiicardiuni,  Tancredia,  Volupia ;  Pleuro- 
phorus,  Myoconcha,  Ajithracosia,  Megalodon,  Pachy- 
domus,  Pacliyrisma,  Cleobis,  Maeonia,  Opis,  Cardinia, 
Hippopodiiini,  Megaloiiia ;  Grateloupia,  Sowerbya, 
Quenstedtia,  Goniopliora,  Kedonia ;  Cercoiuya,  Mya- 
cites,  Goniomya,  Gramniysia,  Ceroniya,  (^ardioiiiorplia, 
Edmondia,  Ribeiria. 

Gasteropoda. — Bellerophon,  Porcellia,  Cyrtolites,  Ecculioin- 
phalus;  Rimella,  Hippocrena,  Alaria,  Spiiiigera,  Am- 
berlya;  Leiostomua,  Strepsidura,  Purpuriiia,  Colunibel- 
lina,  Borsonia,  Conorbis ;  Euspii*a,  Naticopsis,  Globulus, 
Deshayesia^Loxonema,  Macrocbilus;  Diastonia,Nerinsea, 
Brachytrenia,  Ceritella,  Vicarya,  Scoliostoma,  Proto, 
Holopella,  Catantostoma,  Naticella ;  Platyceras,  Metop- 
tonia,  Hypodema,  Deslouclianipsia ;  Euomphalus,  Ophi- 
leta,  Phanerotinus,  Sei-pularia,  Discohelix,  Platystoma, 
Crossostoma,  Pleurotomaria,  Murchisonia,  Polytremaria, 
Cirrus,  Trocliotoma,Platyscbisma,  Scalites,  Ehaphistoma, 
Holopea,  Maclurea ;  Neritoma,  Velates,  Pileolus ;  Hel- 
minthocbitou ;  Lycbnus,  Dendropupa,  Ferassina ;  Cylin- 
drites,  Acteonina,  Acteonella,  Cinulia,  Globiconcha, 
Varigei-a,  Tylosfcoma,  Pterodonta,  Volvaria,  Cbilostonia; 
Vaginella,  Tlieca,  Pterotheca,  Coiiularia. 
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Cephalopoda. — Aturia,  Discites,  Nautiloceras,  Trigonoceras, 
Temnochilus,  Lituites,  Trocholites,  Trochoceras,  Cly- 
menia ;  Orthoceras,  Camaroceras,  Huronia,  Actinoceras, 
Discosorus,  Gonioceras,  Tretoceras,  Apioceras,  Gompho- 
ceras,  Phi-aginoceras,  Cyrtoceras,  Gyroceras,  Ascoceras ; 
Goniatites,  Bactrites,  Ceratites,  Ammonites,  Crioceras, 
Toxiceras,  Ancyloceras,  Scaphites,  Helicoceras,  Tur- 
rilites,  Hamites,  Ptychocei-as,  Baculites ;  Mastigophora, 
Teuthopsis,  Celaeno,  Beloteuthis,  Geoteutliis,  Belopeltis, 
Plesioteuthis,  Leptoteuthis,  Belemnites,  Acanthoteuthis, 
Helicerus,  Conoteuthis,  Coccot-euthis,  Belosepia,  Spinili- 
rostra,  Beloptera,  Belemnosis. 

Province  IV.— VEETEBEATA- 

There  is  an  enormous  series  of  subaqueous  sediment, 
originally  composed  of  mud,  sand,  or  pebbles,  the  successive 
bottoms  of  a  former  sea,  derived  from  pre-existing  rocks, 
which  has  not  undergone  any  change  from  heat,  and  in  which 
no  trace  of  organic  life  has  yet  been  detected.  These  non- 
fossiliferous,  non-ciystalline,  sedimentaiy  beds  form,  in  all 
countries  where  they  have  yet  been  examined,  the  base-rocks 
on  which  the  Cambrian  or  oldest  Silurian  strata  rest. 

Whether  they  be  significative  of  ocean  abysses  never 
reached  by  the  remains  of  coeval  living  beings,  or  whether 
they  truly  indicate  the  period  antecedent  to  the  beginning  of 
life  on  this  planet,  are  questions  of  the  deepest  significance, 
and  demanding  much  farther  observation  before  they  can  be 
authoritatively  answered. 

It  has  been  shewn  that  every  type  of  invertebrate  animal 
is  represented  in  the  superimposed  stratified  deposits  called 
Cambrian  and  lower  Silurian.  In  rocks  of  the  latter  age 
in  Eussia  have  been  found  minute,  glistening,  slender,  conical 
bodies  called  "  Conodonts,"  hollow  at  the  base,  pointed  at  the 
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end,  more  or  less  bent,  with  sharp  opposite  margins,  which 
might  well  be  lingual  teeth  of  Gastropods,  acetabular  booklets 
of  Cephalopods,  or  teeth  of  cartilaginous  fishes.  Against  the 
latter  determination  is  the  minute  size  of  the  **Conodont" 
bodies;  their  observed  structure  presents  concentric  conical 
lamelhe  of  a  dense  structureless  substance,  containing  minute 
nuclei  or  cells. 

In  some  specimens  the  base  is  abruptly  produced  and 
divided  from  the  body  of  the  booklet  by  a  constriction — a 
form  unknown  in  the  teeth  of  any  fishes,  but  presented  by 
certain  lingual  teeth  of  Gastropods — e.g.y  the  lateral  teeth  of 
Spardld.  In  other  Conodonts  the  elongated  base  is  denticu- 
late or  serrate,  as  in  the  lateral  teeth  of  Buccinum  and  Chry- 
sodomies.  It  is  improbable,  however,  that  they  belong  to  any 
conchiferous  toothed  MoUusk,  the  shells  of  such  being  wanting 
in  the  deposit  where  the  Conodonts  are  most  abundant. 

The  more  minute  booklets  have  a  yellowish,  transparent, 
homy  appearance ;  the  larger,  perhaps  older  ones,  present  a 
harder  whitish  appearance.  Their  analysis  by  Pander  yielded 
**  carbonate  of  lime,"  carbonic  acid  being  evolved  by  appli- 
cation of  dilute  nitric  acid,  and  oxalic  acid  producing  an 
obvious  precipitate.  Some  English  analysts  have  believed 
that  the  Conodonts  yielded  a  trace  of  phosphate  of  lime. 

The  detached  condition  of  the  booklets,  and  the  integrity 
of  the  thin  border  of  the  basal  pulp-cavity,  indicate  that  they 
have  not  been  broken  away  from  any  of  those  kinds  of 
attachment  to  a  bone  which  the  minute  villiform  teeth  of 
osseous  fishes  would  shew  signs  of.  The  Conodonts  have 
been  supported  upon  a  soft  substance,  such  as  the  skin  of  a 
mollusk  or  worm,  the  mucous  membrane  of  a  mouth  or 
throat,  or  the  covering  of  a  proboscis. 

In  comparing  the  Conodonts  with  the  teeth  of  fishes,  they 
present  most  resemblance  to  the  minute  conical  recurved  teeth 
of  the  genus  Rhinodan  of  Smith :  they  more  remotely  resemble 
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the  conical,  pointed,  horny  teeth  of  Myxmoids  and  I^inpi-eys 
in  that  class :  and  the  absence  of  any  other  liaixl  part  in  the 
strata  containing  the  Conodonts  tallies  with  the  condition  of 
the  cartilaginous  skeleton ;  but  not  more  than  it  does  with 
tlie  like  perishable  soft  condition  of  annelidous  worms  and 
naked  mollusks.  Rhinodon  has  veiy  small  teeth,  "  en  brosse," 
of  a  simple  conical  recurved  form:  there  are  12  or  13  teeth 
in  each  vei*tical  row,  and  about  250  such  rows  in  each  jaw ; 
so  that  each  fish  may  have  frcm  6000  to  7000  teeth.  But 
the  teeth  of  Rhinodan  have  not  the  basal  extensions  and 
processes  of  many  of  the  Conodonts;  and  the  teeth  of  all 
known  Cyclostomes,  besides  being  considerably  larger,  are 
nmch  less  slender  and  are  less  varied  in  form  than  in  the 
Oonodonts.  This  minuteness  of  size,  with  the  peculiarities 
of  form,  supports  a  reference  of  the  Conodonts  rather  to  some 
soft  invertebrate  genus.  Ceiiain  parts  of  small  Crustacea — 
/'.//.,  the  pygidiuni  or  tail  of  some  minute  Entomostraca — 
i-esemble  in  shape  the  more  simple  Conodonts ;  but  when  we 
perceive  that  these  bodies  occur  in  thousands,  detached,  with 
entire  bases,  and  that  any  pait  of  the  carapace,  or  shell  of  an 
Entomostracan  or  other  crustacean,  has  been  rarely  detected 
in  the  lower  Silurian  Conodont  beds,  it  is  highly  improbable 
that  they  can  have  belonged  to  an  organism  protected  by 
a  substance  as  susceptible  of  preservation  as  their  own. 
Much  more  likely  is  it  that  the  body  to  which  the  minute 
booklets  were  attached  was  as  soluble  and  perishable  as  the 
soft  pulp  upon  which  the  Conodont  was  sheathed.  Tlie  writer 
finds  no  form  of  spine,  denticle,  or  booklet,  in  any  Echinoderm, 
and  especially  in  any  soft-bodied  one,  to  match  the  Conodonts : 
and  concludes  that  they  have  most  analogj'^  with  the  spines, 
or  booklets,  or  denticles  of  naked  Mollusks  or  Annelides. 
Tlie  formal  publication  of  these  minut<^  ambiguous  bodies  of 
the  oldest  fossiliferous  rocks,  a.s  proved  evidences  of  fishes,  is 
much  to  l)e  deprecated. 
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Class!.— PISCES. 

Order  1. —  Plagiostomi.* 

(Sharks,  Bays), 

Char. — Endo-skeleton  cartilaginous  or  partially  ossified ;  exo- 
skeleton  placoidf;  gills  fixed  with  five  or  more  gill- 
apertures;  no  swim-bladder;  scapular  arch  detached 
from  the  head ;  ventrals  abdominal ;  intestine  with 
spiral  valve. 

The  earliest  good  evidence  which  has  been  obtained  of  a 
vertebrate  animal  in  the  earth's  crust  is  a  spine;  of  the  nature  of 
the  dorsal  spine  of  the  dog-fish  {Acanthias)^  and  a  buckler  like 
that  of  a  placo-ganoid  fish  (p.  138).  Both  have  been  found  in 
the  most  recent  deposits  of  the  Silurian  period,  in  the  formation 
called  **  upper  Ludlow  rock."  The  discovery  of  the  first  is  due 
to  Murchison;J  its  determination  to  Agassiz,who  assigns  it  to 
a  genus  of  plagiostomous  cartilaginous  fishes  called  Onchus, 
The  buckler  was  discovered  by  Mr.  Banks,  in  the  "  passage- 
beds"  of  Kington,  Herefordshire,  and  is  referred  to  the  genus 
PteraspiSy  Knerr. 

The  Onchus  spines  fi-om  the  upper  Ludlow  bone-beds  are 
compressed,  slightly  cur\'^ed,  less  than  two  inches  in  length,  with 
no  trace  at  their  base  of  the  joint  characteristic  of  the  dorsal 
spines  of  the  "sheat-fishes"  (Ganoids  of  the  family  Silui^a^), 
or  **  file-fishes"  (Balisiidce).  The  sides  of  the  spine  are  finely 
grooved  lengthwise,  with  rounded  ribs  between  the  grooves. 
They  are  referred  to  two  species — Oiichus  Murchisoni  and  0. 
semisiriatvs.  Sir  P.  Egeiion  has  lately  figured  another  species 
from  the  argillaceous  beds  near  Ludlow,  which  is  more  curved, 

•  Gr.  Plagioa^  transverse ;  ttoma^  mouth,  in  reference  to  the  shape  of  the 
mouth,  like  a  transverse  slit  on  the  under  side  of  the  head. 

f  Gr.  PlaXy  a  plate ;  eidos,  form ;  the  scales  being  represented  hy  hony 
tubercles  or  plates. 

X  Silurian  System,  ch.  xlv.,  p.  606. 
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and  is  armed  aloug  the  posterior  edge ;  the  longitudinal  ribs 
are  fine  and  numerous,  but  are  constricted  at  intervals,  as  in 
the  genus  CtenacanthuSy  and  become  subtuberculate  at  the 
base.  He  deems  them  significant  of  a  distinct  genus  of  shark- 
like fishes*  We  may  infer  that  there  co-existed  a  larger  and 
more  powerful  predatory  fish  against  whose  attacks  the 
Oiichus  was  thus  defended. 

In  the  same  old  formation,  with  the  dorsal  spines  of 
OnchuSy  are  found,  in  fact,  petrified  portions  of  skin,  tuber- 
cular and  prickly,  like  the  shagreen  of  shark's  skin,  and 
referred  to  a  genus  called  Sphagodiis;  also  coprolitic  bodies  of 
phosphate  and  carbonate  of  lime,  including  recognisable  parts 
of  the  small  MoUusks  and  Crinoids  which  inhabited  the  sea- 
bottom  in  company  with  the  Onchus-fish.  No  vertebrae,  or 
other  parts  of  the  endo-skeleton  of  a  fish,  have  been  discovered 
in  Silurian  beds,  unless  the  fragments  of  a  calcified  bar,  with 
tooth-like  processes,  called  PlectrodvSy  be  truly  jaws  with 
teeth.  They  resemble,  however,  parts  of  the  pincer  claws  of 
Crustaceans,  as  well  as  of  the  jaws  and  teeth  of  fishes,  and  do 
not  indicate  that  class  so  satisfactorily  as  the  Onchus  spines 
and  Sjphagodiis  shagreen.  Yet  the  denticles  are  confluent 
with  an  outer  ridge  of  the  bone,  according  to  the  "pleurodont" 
type,  and  consist  of  separated  large  teeth,  with  minute  serial 
teeth  in  the  interspaces ;  and  the  large  teeth  are  grooved 
longitudinally.t 

If  the  Plectrodonts  be  jaws  with  anchylosed  teeth,  they 
belong  to  an  order  distinct  from  the  Plagiostomi,  If  they 
should  belong  to  any  of  the  fishes  indicated  by  the  dorsal 
spines  and  shagreen  skin,  a  combination  of  characters  would 

*  In  a  formation  in  Indiana,  United  States  of  America,  referred  by  Messrs. 
Norwood  and  Dale  Owen  to  the  Silurian  formation,  a  badly-preserved  fossil 
considered  as  an  Ichtfayolite,  and  referred  to  a  genus  allied  to  Pterichtkyi  bas 
been  discovered,  and  called  JUacropetalicJUhya  raphiidolabia.  (Silliman's 
Journal,  1846,  p.  367.) 

t  Egerton,  Proc.  Geol.  Soc,  March  1857,  p.  288,  pi.  x.,  figs.  2-4. 
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be  exemplified  not  known  in  other  formations  or  in  any 
existing  fishes.-  They  may  belong  to  Pieraspisy  a  placo-ganoid 
fish,  allied  to  Cephcdaspis,  the  cephalic  buckler  of  which 
has  been  found  in  the  transition  beds  overlying  the  Ludlow 
rock 

No  detached  teeth  unequivocally  referable  to  a  plagios- 
tomous  genus,  nor  any  true  ganoid  scale  of  a  fish,  have  yet 
been  found  in  the  formations  that  have  revealed  these  earliest 
known  evidences  of  vertebrate  animals.  What  then,  it  may  be 
asked,  were  the  conditions  under  which  so  immense  an  extent, 
as  well  as  depth,  of  sediment  was  deposited — including 
chambered  Cephalopods,  Gastropods,  Lamellibranchs,  Brachio- 
pods,  various  and  large  trilobitic  and  entomostracous  Crus- 
taceans, with  Crinoids,  Polypes,  and  Protozoa — that  precluded 
the  preservation  of  the  fossilizable  parts  of  fishes,  if  that 
class  of  vertebrate  animals  had  existed  in  numbers,  and  under 
the  variety  of  forms,  comparable  to  those  that  people  the 
ocean  at  the  present  day '?  Bonitos  now  pursue  flying-fishes 
through  the  upper  regions  of  an  ocean  as  deep  as  any  of 
the  Silurian  seas  of  which  the  deposits  afford  an  idea  of 
greatest  depth.  If  fishes  of  cognate  habits  with  the  present 
deep-sea  fishes,  under  whatever  difference  of  form  such 
Silurian  fishes  may  have  been  manifested,  had  really 
existed,  we  might  reasonably  expect  to  find  the  remains  of 
some  of  the  countless  generations  that  succeeded  each 
other  during  a  period  of  time,  sufficing  for  the  gradual 
deposition  of  sedimentary  beds  of  thousands  of  feet  in  verti- 
cal thicknesa 

The  evidences  of  plagiostomous  fishes  afforded  by  fossil 
spines  will  be  here  pursued.  In  most  of  the  existing  cartilar 
ginous  fishes  of  this  order  the  defensive  spine  which  stands 
erect  in  front  of  the  dorsal  fin  is  smooth ;  such  is  the  case  in 
the  dog-fishes  (Spinacidce)  in  which  each  dorsal  fin  is  fronted 
with  a  spine.     In  the  Port-Jackson  sharks  {Cestracioniidcr) 
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the  spine  in  i'roiit  of  each  dorsal  is  boiiy,  and  is  armed  along 
its  hinder  or  concave  border  witli  bent  spines.  The  fin  is 
connected  with  this  border,  and  its  movements  are  regulated 
by  tlie  elevation  or  depression  of  tlie  spine  daring  the  peculiar 
rotatoiy  action  of  tlie  body  of  the  shark.  This  action  of  the 
spine  in  raising  and  depressing  the  fin,  resembles,  Dr.  Buck- 
land  has  remarked,  tliat  of  the  movable  or  jointed  mast, 
raising  and  lowering  backwards  the  sail  of  a  barge.  But  their 
more  obvious  use,  in  tbc  small  Plagiostomes  possessing  such 
spines,  is  as  defensive  weapons  against  the  larger  and  stronger 
voracious  fishes. 

Certain  lx)ny  fishes  are  similarly  armed — e.g.,  stickle-backs 


Fig.  35. 
Centritev*  huiaeroiti*. 

,  sheat-fishes  {Siliiridai),  tri^er-fishes  (Balisies), 
and  some  species  of  snipe-fishes  (Fistularido!).  In  the  latt«r 
family  the  Cen/ri^ctm  kumeroms  (fig.  35)  shews  a  dorsal  spine, 
denticulated  behind,  as  in  the  Gestracionts :  but  the  base  of 
the  spine  in  bony  fishes  is  peculiarly  modified  for  articulation 
witli  another  bone.  In  the  Plagiostomes  the  base  of  the  spine 
is  hollow,  becomes  tliiu  and  smooth  when  the  body  of  the  spine 
is  sculptured,  and  is  in  the  recent  fish  implanted  in  the  fiesh. 
The  following  genera  of  )>lagiostomoiis  fishes  have  been 
founded  on  the  fossil  .'spines,  or,  "  ichthyodorulites,' *  which 
*  Ichlhgi,  a.  lisli ;  itorn,  a  ipcar ;  Ullio*,  o  hlotie.  ' 
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have  been  discovered  in  the  Devonian,"  or  *'  Old  Eed  Sandstone 
series."  Onchvs  (represented  by  0.  semish-iattis^  0.  lieterogyntH)^ 
DimeracanthuSj  HaplacanihuSy  Narcodes,  Kaulas,  Byssacanthn^% 
Cosniacanthus,  Homacanthns  (fig.  36),  Ctenacanthu.%  Parcxus, 
and  OdontdcanthvA. 

The  gemis  Honiacanihus  is  founded  on  small  compressed 
spines,  with  fine  recurved  teeth  on  the  back 
edge,  and  longitudinal  striie  on  the  sides.  Spe- 
cimens of  Hoinacanthus  arcuatus  (fig.  36)  have 
been  found  in  Devonian  formations  near  St. 
Petersburgh. 

The  carboniferous  series  of  formations  includes 
the  so-called  slates,  mountain  limestone,  millstone 
giit,  and  the  coal  measures  (see  fig.  1).     In  this 
series  the  genus  Onchtis  is  still  represented  by  the      Fig.  36. 
0.  mlcatm,  0.  rechis  and  0.  suinilaitis ;  and  the  Hamacanthvs 

arcuatus. 

genus  HmncLcanihus,  by  H,  rtmcrodu^s  and  H,  mia-o-    ( Devonian, 
duSy  from  the  carboniferous  limestone  of  Armagh,     ^"s*'*) 
Ctenacanthus  is  common  to  the  Devonian  and  carboniferous 
periods.     The  spine  of  Pleuracanihus  (fig.  37)  is  denticulated 
along  both  margins,  a  structure  which  is  pre- 
sented, in  existing  Plagiostomes,  only  by  species 
of  the  my  family  ;  it  belongs  to  an  extinct  form, 
to  which  the  monk-fisli  of  the  present  day  offei^, 
perhaps,  the  nearest  resemblance ;  but  the  Pleura- 
canthus  differed  from  all  the  modem  sting-rays  in 
having  the  spine  planted  at  or  near  the  occiput.* 
Portions  of  petrified  bone,  of  the  structure  of      Fie  37 
shark's  spines,  graduating  into  that  of  the  dentine  Pieuracanthva 
and  ganoine,  of  which  the  marginal  denticles  are     ***"«»*'»«"• 
composed  in  this  and  other  spines  so  beset,  have 
been  obtained  from  a  coal-field  in  Indiana,  U.S.     This  ich- 
Ihyodonilite  (fig.  38)  is  remarkable  for  the  large  proportional 

•  "Annals  and  Mag.  of  Nat.  Hist."  1857,  p.  422. 
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size  of  tlie  iiiai^nal  teeth,  and  their  close  i-esemblance  to  the 
jaw-teeth  of  Carckarias,  their  enamelled  bonier  being  finely 
denticulate.  I  am  indebted  to  Professor  Hitchcock,  of  Am- 
herst College,  U.St  for  the  oppor- 
tunity of  examining  this  most 
rare  aiid  singular  fossil,  first  made 
known  by  Leidy,  as  being  pro- 
bably part  of  the  jaw  of  a  shark, 
for  which,  therefore,  he  proposed 
the  name  Etlestes,  signifying  de- 
vourer.  If  my  determination  of 
its  nature  be  correct,  it  has  formed 
part  of  a  fisli  more  liable  to  be 
devoured,  and  needing  unusual 
defence  against  some  larger  con- 
y.    ,  temporary  shark.     The  true  jaws 

Portion  of  Spine  ^^^  i^eth  of  Edestts  may  one  day 

£de»te$.  \^   discovered,  and   throw  light 

{Go»I,  inJi«i».)  „pQ„  its    habits    and    affinities. 

The  other  plagiostomons  genera  based  upon  fossil  spines  from 
the  coal  formations  are — Oracanlhus,  Gyracanthus,  Ktmacan- 
tkiis,  Cosmacanthiia,  Leptacanthns,  Homacantkus,  TrysHchius, 
AsieropierycM-us,  Physojiemvs,  Spkenacanthvs,  Platyacanlhwsy 
Dipriacanihus,  Ei-ismacanthus,  Orthacanthus,  Cladaeanthvs, 
Lepraai?Ukvs, 

Immediately  above  the  coal  measures  lie  a  variable  series 
of  sands  and  clays  of  different  colours,  including  the  coal 
plants;  above  this,  a  marl  slate  in  thin  layers,  containing 
scanty  evidences  of  fishes ;  btit  these  are  more  abundant  and 
instructive  in  the  superincumbent  magnesian  limestone,  in 
which  formation,  near  Belfast,  iclitbyodorulites  of  the  genus 
Gyropristis  (Ag.)  have  been  found.  Above  this  are  the  penean 
red  sandstones,  in  which,  at  "Westow,  have  been  foiind  fossil 
spines  closely  allied  to,  if  not  identical  with,  the  Gyramnthvs 
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fonnosas  (Ag.)  The  foregoing  formations  constitute  the  uppei^ 
moat  of  the  paleozoic  series  called  "Permian,"  from  the  Bussian 
province  in  which  these  strata  are  most  extensively  developed. 
The  superimposed  strata  marked  "  triaa  "  in  the  "  Table  of 
Sti-ata,"  fig,  1 ,  p.  5,  include  also  a  varied  series  of  red  and  white 
sands,  marls,  and  conglomerates,  forming  collec- 
tively the  "  Kew  Eed,"  or  Triassic  system.  The 
triassic  ichthyodorulites  are  referable  to  the  genera 
NemacajUhus,  Leiacanthns,  and  Hyhodus.  In  the 
"  lias,"  which  is  the  oldest  or  lowest  of  the  great 
"oolitic"  system,  large  dorsal  spines  of  Hyhodus 
reticuiatus,  also  spines  of  Hybodua  medius,  and 
Hyhod-us  pyramidalis  are  found  :  this  genus,  how- 
ever, b  represented  by  detached  teeth  in  the 
"  bone-bed"  and  in  the  keuper  and  muschelkalk 
members  of  the  "  trias."  The  lias  formations  give 
evidence  that  the  dorsal  spines  and  fins  of  Hyho- 
dus were  two  in  number ;  and  the  genus  is  shewn, 
both  by  the  structure  of  the  spine  and  the  form 
of  the  teeth,  to  have  had  its  nearest  affinities 
with  the  Cestracwn  amongst  existing  Plagios- 
tomes.  Hyhodus  continued  to  be  represented  hy 
successive  and  varying  speciiic  forms  up  to,  and 
including,  the  cretaceous  period.  It  is  therefore 
a  genus  of  cartilaginous  fishes  eminently  charac- 
teristic of  the  secondary  or  mezozoic  period  in 

paleontology,  and  ranges  through  every  forma-  „  '^;  ^' 

a  .-  Mybodiu  tub- 

tion  of  that  period.    The  specimens  selected  for  carittaiui. 
the  illustration  of  the  dorsal  spine  of  Hyhodm  is  (Weaiden.) 
that  of  the  H.  mibcarinatiis,  from  the  Wealden  of  Tilgate 
Forest  (fig.  39). 

Large  fossil  spines,  longitudinally  grooved,  have  been 
found  associated  with  the  teeth  of  the  extinct,  raio-cestraciont 
genus  (PtyGkodwi)  of  the  chalk  formations. 
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In  the  tertiary  formatious,  the  fossil  spines  present  for  the 
most  part  the  generic  characters  of  those  of  existing  Plagio- 
stomes — e.g^  Spinax,  Tri/gon,  and  Myliobates ;  but  one  form, 
found  in  the  eocene  beds  near  Paris,  is  the  type  of  the  extinct 
genus  Aulacanthvs  of  Agassiz. 

The  teeth  of  the  plagiostomous  fishes — viz.  sharks  (Squa- 
lidce),  rays  (Raiidai),  and  Cestracionts,  are  very  numerous,  and, 
being  attached  only  by  ligament  to  the  membrane  of  the 
mouth,  they  soon  fall  off  in  the  decomposition  of  the  dead 
fish,  become  scattered  abroad  by  the  movements  of  the  body 
through  the  action  of  the  waters,  and  sink  into  the  sediment. 


Family  I. — CESTRACiONTiDiK. 
{Pori 'Jackson  Shark.) 

The  existing  genus  which  has  thrown  most  light  upon  the 
fossil  teeth  which  liave  thus  become  imbedded  in  the  oceanic 
deposits  of  the  palaeozoic  and  mezozoic  periods,  is  the  Cestracion, 
now  I'estricted  to  the  Australian  and  Chinese  seas,  where  it 

is  represented  by  two  or  three 
species,  and  suggests  the  idea 
of  a  form  verging  towards 
extinction.  It  formerly  flou- 
rished under  a  great  number 
of  varied  generic  or  family 
modifications,  represented  by 
species,  some  of  which  at- 
tained dimensions  far  exceed- 
ing the  largest  known  living 
Cestracions.      The  dentition 


Fig.  40. 
Cestracion  Philipi  (recent). 


of  these  fishes  is  adapted  to  the  prehension  and  masti- 
cation of  crustaceous  and  testaceous  animals ;  they  are  of  a 
hannless,  timid  character;  and  have  the  before -described 
denticulate  dorsal  spines  given  to  them  as  defensive  weapons. 
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Fig.  iO  gives  a  side  view  of  the  upper  aiid  lower  jaws  of  the 
"  Port-Jackson  shark,"  shewing  the  oblique  disposition  of  the 
large  cnishing  teeth,  which  cover  like  a  pavement  the  workinf; 
borders  of  the  mouth.  The  anterior  teeth  were  small  and 
pointed,  (fig,  ■tl).  Behind  the  cuspidate  teeth  the  five  consecu- 
tive rows  of  teeth  pix^ressively  increase  in  all  their  dimensions, 
but  principally  in  their  antero-posterior  extent     The  sharp 


Fig.  41. 

Upper  jaw  and  teeth  of  Port -Jackson  Shark  [Cutradan),  hftlfDat.  uiie. 

point  is  converted  into  a  longitudinal  ridge  traversing  a  con- 
vex cnishiug  surface,  and  the  ridge  itself  disappears  in  the 
largest  teeth.  As  the  teetli  increase  in  size,  they  diminish  in 
number  in  each  row.  The  series  of  the  largest  teeth  includes 
from  six  to  seven  in  the  upper,  and  from  seven  to  eight  in  the 
lower  jaw.  Behind  this  row  the  teeth,  although  preserving 
their  form  as  crushing  instruments,  progressively  diminish  in 
size,  while  at  the  same  time  the  number  composing  each  row 
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decreases.  From  tlie  oblique  and  apparently  spiral  disposition 
of  the  rows  of  teeth,  their  symmetrical  arrangement  on  the 
opposite  sides  of  the  jaw,  and  their  graduated  diversity  of 
form,  they  constitute  the  most  elegant  tesselated  covering  to 
the  jaws  which  is  to  be  met  with  in  the  whole  class  of  fishes. 
The  modifications  of  the  form  of  the  teeth  above  described, 
by  which  the  anterior  ones  are  adapted  for  seizing  and  re- 
taining, and  the  posterior  for  cracking  and  crushing  alimentarj' 
substances,  are  frequently  repeatcil,  with  various  modifications 
and  under  difleront  conditions,  in  the  osseous  fishes.  They 
indicate,  in  the  present  cartilaginous  species,  a  diet  of  a  lower 
oi^anised  character  than  in  the  true  sharks ;  and  a  correspond- 
ing difference  of  habit  and  disposition  is  associated  therewith. 
The  testaceous  and  crustaceous  invertebrate  animals  constitute 
most  probably  the  principal  food  of  the  Cestracion,  as  they 
appear,  by  their  abundant  remains  in  secondary  rocks,  to  have 
done  in  regai-d  to  the  extinct  Ceiitracionts,  with  whose  fossil 
teeth  they  are  associated. 

From  their  mode  of  attachment,  these  teeth  would  become 
detached  from  the  jaws  of  the  dead  fish,  and  dispersed  in  the 
way  above  described ;  and  it  is  by  such  detached  fossil  teeth 
that  we  fiirst  get  dental  evidence  of  the  Cestraciont  family  in 
former  periods  of  the  earth's  history. 

If  fig.  42  be  compared  with  fig.  41,  it  would  seem  as  if 
the  several  teeth  of  each  oblique  row  in 
Ceslracum  had  been  welded  into  a  single 
dental  mass  in  Cochliodvs,  the  propor- 
tions and  direction  of  the  rows  being 
closely  analogous.  Whether  in  Coch- 
Fig.  42.  liodus  there  were  any  small  anterior 

Goddiodm  amtortui.  kg.  prehensile   teeth,  is  hypothetical ;  the 
(  ar   ni  eronti.)         \sj^  Crushing  dental  plates  must  have 
been  admirably  adapted  to  crack  and   bruise  the  shells  of 
moUusks  and  crustaceans.      The  Cochliodua  eontortM  (Ag.) 


^<;^te^^  ^f >^^ 
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(fig.  4-2)  has  been  found  in  the  carboniferous  formations  near 
Bristol  and  Armagh,  and  the  genus  is  peculiar  to  that  geolo- 
gical period. 

A  form  of  tooth  more  closely  resembling  the  crushing-teeth 
of  Cestracion,  is  that  on  which  the  genus  Acrodus  is  founded, 
with  species  ranging  from  triassic  strata  to  the  upper  chalk 
of  Maestricht  The  one  here  selected  (fig.  43)  is  the  Acrodxis 
ndbUiSy  from  the  lias  of  Lyme  Begis.  The  upper  figure  shews 
the  grinding  surface,  which,  from  its 
finely  and  transversely  striated  character 
and  dark  colour,  has  suggested  to  the 
quarrymen  the  name  of  **  fossil  leeches.'* 
The  older  fossilists  regarded  these  teeth 
as  petrified  Vermes ;  but  the  structure, 
as  shewn  by  the  microscope,  is  closely 
similar  to  that  of  the  teeth  of  Cestra-  Fig.  43. 

cion.*    Portions  of  the  jaw  of  the  Ac-    AerodutncbUU  (tooth). 
rodus  have  been  discovered  which  shew  ^  '"'^ 

that  these  teeth  were  arranged,  as  in  Cestracion^  in  oblique 
rows,  with  at  least  seven  teeth  in  each  row.  Acrod'us  lateralis 
is  a  muschelkalk  fossil,  A.  hirudo  a  Wealden  fossil,  and  A. 
transversus  a  cretaceous  fossil.  No  tooth  referable  to  the 
genus  has  been  found  in  any  tertiary  stratum. 

The  nearly  allied  Strophodus  is  represented  by  Str,  angus- 
tissimus  in  the  muschelkalk,  by  several  species  in  the  oolites 
(but  not  in  lias),  and  by  the  Str.  asper  in  the  chalk  of 
Lewes. 

The  genus  Ptychodus  is  founded  on  teeth  usually  of  large 
size,  and  of  a  more  or  less  square  form  (fig.  44).  The  crown 
is  deeper  than  the  root,  which  is  obtuse  and  truncate.  The 
enamelled  sunmiit  of  the  crown  is  granulate  at  the  margin, 
and  raised  in  the  middle  into  an  obtuse  eminence,  disposed  in 
lai^ge  transverse,  parallel,  sometimes  wavy  and  rather  sharp 

•  See  Owen's  Odontography,  vol.  i.,  p.  54,  plB.  14  and  15. 
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lidyes.     With  t*;etli  of  this  form  are  soinetinies  found  others 
of  smaller  size,  with  more  convex  rounded  crowns,  doubtless 
fni'ining  the  extremes  of  the  multiserial  pavement  whicli,  as 
—  in  modem  sharks  and  rays,  covered   the 

broad  jaws   of  the  Ptychodonts.     In  my 
"  Odontography,"*  I  have  pointed  out  the 
resemblance  of  tlie  t«eth  of  Piyrjwdus  to 
those  of  Rhina,  and  Sir  I'.  Egerton  informs 
me  that  the  fin-rays  of  Ptychodus  shew  tlie 
same  affinity.      Jlut  tlie  principle   of  tlie 
"  more   generalised   structure "  was   mani- 
fested  in   this,  aa  in   most   contemporary 
forms.     The  large  dorsal  spines  found  asso- 
ciated witli  the  above-described  teeth  are 
Pi^hodM  kaiMinut.  longitudinally  grooved,  and  resemble  those 
of  the  Cestraciont  family  of  sharks.     All 
the  specimens  and  species  referable  to  this  genus  have  been 
found  in  the  cretaceous  strata.     The  Devonian  Olenodvs,  Pdaio- 
iltts,  Chomatodus,  and  Peirodus,  of  the  carboniferous  limestone, 
and   Theciodus  of  the  Keuper,  are   provisionally  referred  to 
the  Cestraciont  family. 


Family  II. —  Hybodontes, 

Teeth  referable  to  the  genus  Hybodua  occur  in  all  the 
secondary  rocks  from  the  trias  to  the  chalk  inclusive.  The 
teeth  of  the  Hybodonts  ai-e  conical,  but  broader  and  less 
sharp  than  those  of  true  sharks.  The  enamel  is  strongly 
marked  by  longitudinal  grooves  and  folds.  One  cone  is 
lai^er  than  the  rest,  and  called  the  "principal;"  the  others 
are  "secondary."  In  one  genus  (Cladodus,  Ag.),  the  secondary 
cones  go  on  enlarging  as  they  recede  from  the  principal 
cone;  and  teeth  of  this  genus,  referred  by  Eichwald  to  the 
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Hyhod/us   longiconvs^  have   been  discovered  in  the   old   red 
sandstone  in  the  vicinity  of  Petersburg. 

In  the  OrodtiSy  the  cones  are  more  compressed,  trenchant, 
and  distinct  from  the  body  of  the 
toothy  than  in  Hyhodus;  but  they 
present  a  principal  and  secondaiy 
cones.  Fig.  45  is  a  tooth  of  the 
Orodus  cinelus  (Ag.),  from  the  car- 
boniferous beds  near  Bristol.  The 
O.porostM  and  0.  compresstis  are  from 
deposits  of  similar  age  near  Armagh.  Diplodvs  and  Olossodus 
of  the  coal  scries,  and  Sphenonchtis^  which  ranges  from  lias  to 
wealden,  are  referred  to  the  Hybodont  family. 


Kg.  45. 

Orodus  cinchis  (tooth). 
(Carboniferous.) 


Family  III. — Squalidje. 

(Sharks,) 

Tlie  well-marked  saw-shaped  tooth  (fig.  46),  so  closely  re- 
sembles the  lower  jaw-teeth  of  the  sharks,  called  "grisets"  by 
the  French  (Notidanus,  Cuv.),  as  to  be  referred  to  that  genus 
by  Agassiz.     Such  teeth  nevertheless  occur  in  strata  of  oolitic 


1^ 


Fig.  46. 

Fig.  47. 

Fig.  48. 

yatidanut  MUnateri. 

(Upper  Oolite.) 

Coraxfalcaius. 

(Chalk.) 

Odleoeerdo  adunctu 

(Miocene.) 

age  {Notidawiis  MiinsUri,  Ag.,  fig.  46).  Other  species — «.^., 
N.  peetinatu9 — are  found  in  the  chalk  of  Kent ;  and  N.  serra- 
iimmtts^  in  the  eocene  clay  at  Sheppy.' 

The  tooth  (fig.  47)  on  which  Agassiz  has  founded  the  genus 
CoraXy  indicates  by  its  close  resemblance  to  those  of  CarchariaSy 
its  relationship  with  the  tnie  sharks  {Squalidce).    Most  of  the 
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sixicies  of  Ci*raj\  iiicludiug  V.  falcatus,  are  citttaceous ;  a  few- 
are  tertiiiry ;  all  are  extinct. 

Anotlior  fonii  of  shark's  tooth,  deeply  notched  at  one  mar- 
f{in,and  with  tlip  rest  of  the  border  finely  denticulate,  rosemliles 
more  that  of  the  "topes"  or  gray  sharks  {Galeus,  Cnv.),  and 
is  referred  I»y  Agassiz  to  the  genus  GakorxTth.     The  species 
are  found  in  both  the  cretaceous  and  tertiary  for- 
mations ;  Galeocerdo  aduncug  (fig.  48)  b  fmin  the 
iniocene  of  Europe  and  America.     In  the  same 
tertiary  series  are  found  the  teeth  of  the  Hemiprit- 
tis  sara,  Ag.  (fig.  49). 

Odonta-'tpU  (Ag.).  presents  a  form  of  tooth  most 

Fig-  ■lO.     like  that  in  the  blue  sharks  (Lnviiui)  of  the  present 

'^erray"  ^'"'^    S\>ecies  of  Odoiita^nx  occur  in  the  cretaceous 

(Miocenfi.)  ^xiA  t^rtiarj'  beds.     Tfie  0.  Hopei  (fig.  60)  is  from 

the  London  clay  of  Sheppy.     It  indicates  a  very  destructive 

and  formidable  species  of  shark. 

Teeth  shaped  like  those  of  the  white  sharks  {Cnrdtarias), 

Abxit  solid  and  usually  of  large  size,  are  referred  to 
the  genus  Carcharodon.     One  of  these  teeth,  from 
mioeene  beds,  Malta,  in  the  Hunterian  Museum, 
London,  measures  5  inches  10  lines  at  its  longest 
side,  and  4  inches  8  lines  across  the  base.     By  the 
side  of  it  is  placed  a  tooth  of  an  existing  Carcha- 
Hg.  50.   "^>  2  inches  3  lines  at  its  "  longest  side,"  from  a  ■ 
Odoniatpu  shark  which  measured  20  feet  in  length.     If  the 
qpei.     j^jQ^jj  „f  ^]^g  fossil  Carcharodon  bore  the  same  pro- 
( Eocene.)  _  ' 

portion  to  the  body  of  the  fish,  this  must  have 
been  about  sixty  feet  in  length.*  Teeth  of  Carcharodon  have 
been  obtained  from  the  Eed  Crag  of  Suffolk,  measuring 
upwards  of  six  inches  in  length.  The  microscopic  structure  of 
the  teeth  in  sharks  is  illustrated  by  the  longitudinal  section  of 

*  See  ibe  Author's  Catalogue  ot  FoBsil  Iteptilia  ani]  PisceH,  in  Mub.  H. 
Coll.  of  Surgeonn.     Und,  4t<],  lA-H  p.  13-t,  So.  431. 
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a  fossil  fmiii  Slioppy  (Hj,'.  51),  sliewiiig  the  outer  liiinl  layer  of 
"  vitroJeiitiiit!,"  and  the 
**  \'asoileiitiiie  "  form- 
ing the  body  of  the 
tooth.  With  these  fos- 
sil teeth  of  sliarks  are 
found,  though  spar- 
ingly, in  both  the  cre- 
taceous and  tertiary 
beds,  petrified  bodies 
of  vertebra;,  shewing 
by  their  extreme  short- 
ness in  coiuparisoii 
with  their  bi-eadth,  by 
their  bi-concavity,  and 
the  fissures  on  tlie  ex- 
ternal surface  (as 
shewu  on  the  lower 
figure  of  cut  52)  that 


view,  tbelowe  rone  a  side  view,  y.     ^. 

oftbe  body  of  u  verlebra  of  »  '^'  '' 

Shark,  Zanina or  CUontoipu.  Mngn.  section  of  atoolli  ofB  Shnrk 

{[jontliin  cUy,  Sheppy.)  (fjomrui), 

they  belongetl  to  a  shark  nlosoly  allie<l    to   the   Porlieagle 

(LniiDw,  Cuv.) 
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Family  1Y — Raiida:. 
(Baytf.) 

This  family  of  cartilaginous  fishes  is  first  indicated  in  the 
carboniferous  period  by  the  spine  of  Pleuracanthvs  (fig.  37) ; 
but  unequivocal  evidences,  sufficiently  perfect  to  yield  generic 
characters,  have  been  discovered  in  liassic  {Squaloraia^  Artli^ 
ropteru8)y  oolitic  (SpathobatiSy  Belemnobatis),  cretaceous,  and 
tertiary  formations :  they  chiefly  consist  of  portions  of  the 
numerous  and  many-jointed  fin-rays,  of  defensive  spines, 
dermal  tubercles,  and  most  commonly  of  teeth.  The  peculiar 
modifications  of  the  dental  system,  presented  by  the  eagle-rays 
(MyliobcUidce)  are  unequivocally  shewn  by  fossils  of  the  tertiary 
formations,  and  have  not  been  found  in  earlier  strata. 


Fig.  63. 
Jaws  and  teeth  of  an  Eagle-Ray  {Myli6baU$  aquUa). 

The  teeth  of  the  rays  are  in  general  more  numerous  and 
much  smaller  than  those  of  the  sharks ;  they  have  less 
mobility,  are  more  closely  impacted,  and  in  some  cases  are 
laterally  united  together  by  fine  sutures,  so  as  to  form  a  kind 
of  mosaic  pavement  on  both  the  upper  and  lower  jaws.  The 
MylidbateSy  or  eagle-rays,  which  present  the  last-mentioned 
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conditioD,  imique  iu  the  vertebrate  sub-kiiigdoiii,  have  large 
and  massive  teeth  (figs.  5^).  The  smaller  teeth  of  the  Rhina 
are  adapted  for  crushing :  but  in  the  species  of  Raia,  Ciiv., 
they  have  the  middle  or  one  of  the  angles  of  the  crown  pro- 
duced into  a  sharp  point.  In  all  genera  of  the  ray  tribe, 
whatever  the  diversity  of  size  and  shape  of  the  teeth,  they  are 
placed  in  several  rows,  and  succeed  each  other  uninterruptedly 
from  behind. 

The  modification  of  the  plagiostomous  type  of  teeth,  for 
the  purpose  of  crushing  alimentary  substances,  is  most 
complete  in  the  Mylwbatidec.  A  view  of  this  armature  of 
the  month,  as  seen  from  hehind  iu  the  Myliobalea  aquila,  is 
given  in  fig.  53.  Botli  jaws  are  covered  with  a  pavement  of 
broad  teeth,  having  a  tlat  grinding  surface.  To  the  genus 
MylidbaUs,  as  now  restricted,  certain  fossils  from  the  London 
clay  of  Sheppy  {Myliobaies  toliapims,  Ag.,  fig.  5-t)  belong. 


In  Zygohates  (fig.  55),  the  middle  series  of  teetli  is  less 
broad ;  and  a  narrower  series  is  interposed  between  the 
middle  and  the  small  lateral  teetL  Existing  rays  shewing 
this  modification  are  found  in  Brazilian  seas ;  fossil  teeth  of 
this  genus,  cg^  Zygobates  Woodioardi,  Ag.  (fig.  55),  occur  in 
the  tertiary  ci-ag  (probably  miocene)  of  Suffolk,  and  in  the 
miocene  moUaase  of  Switzerland. 

When  the  teeth  form  l)roa<l  transverse  undivided  plates. 
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lis  iu  Jiy.  50,  tliiiv  cliaractetize  the  gi'uus  ^Etolalci.  Fossils  of 
lliis  geiuis  oucur  in  the  English  eocenes  and  the  Swiss  mol- 
lasse. 

In  the  "  crag"  of  Norfolk  and  Suffolk,  aiid  in  marine  plio- 
cene beds,  fossils  have  Wen  found  which  closely  i-eseuiblo 
the  osseous  and  sjjini^erous  plates  tliat  beset  the  skin  of  the 


^i^jJ^^ 


Fig.  66. 

Fig.  S7. 

Baia  daeala. 

(liocene,  BrackleHbaip). 

(Uem.1  spiDes, 

kind  of  ray  called  "thomback"  (fig.  57),  and  which  indicate 
the  existence  of  a  pliocene  species  allied  tu  the  Raia  davala. 

The  almost  entire  specimens  from  the  lithographic  slates 
of  Solenhofen  (Tkaumas  tdifer,  Mst.)  and  of  Ciriu  (Spaikobaiw 
biujeaiacm.  Thiol.)  shew  a  form  of  body  which,  like  that  of  the 
modem  monk-fish  {Sqiuitind),  connects  the  rays  with  the 
sharks.  Sqitdhraia  has  the  like  aniiectant  relationship  with 
the  saw-fish  {Pristis),  wliich,  as- now  specialised,  first  appears 
in  eocene  beds  {Pristis  Msulcatus  from  Sheppy,  and  Pt.  acuti- 
denx  from  Bagshot  sands).  The  Cyclchatis,  Eg.,  from  the  ter- 
tiary limestone  of  Lebanon,  resembles  the  modem  torpedos, 
a  true  and  formidable  species  of  which  {Torpedo  giganiea,  Ag.) 
has  left  its  remains  in  the  rich  repository  of  ichthyolites  at 
Monte  Bolca. 

Thus  we  obtain  e\  idcncc  of  fishes  of  the  plngiostomous 
oi-dev  in  the  marine  deposits  of  every  formation  from  the 
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upper  Silurian  beds  to  the  present  period.  But  none  of  the 
palaeozoic  fossils  are  referable  to  any  existing  genus.  A  few 
only  of  the  mezozoic  Plagiostomes,  and  those  chiefly  from 
the  chalk,  are  so  determinable :  most  of  them  belong  or  are 
allied  to  a  family  {CestradorUidce),  now  nearly  extinct.  The 
evidence  of  the  generic  forms  of  Plagiostomes  characteristic 
of  the  present  time  become  common  only  in  the  teitiary 
periods.  No  fossil  species  is  the  same  with  any  existing 
one. 

Order  II.— HOLOCEPHALI.* 

Chirnceroid  Fishes, 

Char. — Jaws  bony,  traversed  and  encased  by  dental  plates ; 
endo-skeleton  cartilaginous ;  exo-skeleton  as  placoid  gra- 
nules ;  most  of  the  fins  with  a  strong  spine  for  the  first 
my ;  ventrals  abdominal ;  gills  laminated,  attached  by 
their  margins ;  a  single  external  gill-apeiiure. 

To  judge  fix)m  the  paucity  of  existing  representatives  of 
this  order  of  cartilaginous  fishes,  it  would  seem,  like  the 
Cestracionts,  to  be  verging  towards  extinction.  One  genus 
{ChinuBrOy  linn.)  is  founded  on  a  single  known  species  of  the 
northern  seas  called  "king  of  the  herrings"  {Chimcera  rrum- 
Strom) ;  another  genus  (CaUorhynchtis  of  Gronovius)  is  repre- 
sented by  two  known  species  in  the  Australian  and  Chinese 
seas.  The  only  parts  of  chimaeroid  fishes  likely  to  be  fossil- 
ized are  the  jaws  and  spines.  The  bony  and  dental  substances 
are  so  combined  in  the  more  or  less  beak-shaped  jaws,  that 
they  characterize  the  order,  and  are  never  found  separate. 
It  is  chiefly  on  such  fossil  mandibles,  and  portions  of  them, 
that  the  evidence  of  the  Holocephali  in  former  geological 
periods  rests.  These  singular  fishes  ranged,  under  dififerent 
generic  and  specific  modifications,  from  the  bottom  of  the 
oolitic  series  to  the  present  period. 

*  Gr.  holoSy  entire  ;  kephakf  head :  the  cranial  walls  being  unbroken. 
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Genus  CniMiERA. — The  premaxillaiy  teeth,  one  in  each 
bone,  are  oblong,  about  twice  as  high  as  they  are  broad,  and 
terminate  below  in  a  transverse  trenchant  edge ;  they  present, 
exteriorly,  vertical  columns  of  alternately  harder  and  softer 
substance,  occasioning  a  notched  margin  when  worn  by  use ; 
interiorly,  they  have  oblique  laminee  which  do  not  extend  to 
the  margin.  The  maxillary  dental  plates,  one  in  each  bone, 
are  triangular,  and  present  a  broad  surface  to  the  lower  jaw. 

Genus  Ischiodus,  Egerton. — Each  upper  maxillaiy  has 
four  dental  columns;  the  lower  jaw  is  less  produced  and 
deeper  than  in  EdapJiodvs,  Of  this  genus,  /.  Johnsoni  is  from 
the  lias  of  Dorsetshire ;  /.  Egertoni  from  the  Kimmeridge  of 
Shotover ;  and  /.  Toumshendiy  a  magnificent  species,  from  the 
Portland  stone.  Two  species  (/.  Agassizii  and  /.  brevirostris) 
are  from  the  cretaceous  beds;  at  which  period  the  genus 
appears  to  have  perished. 

Genus  Ganodus,  Egerton. — Maxillary  dental  columns 
oblique,  placed  far  back,  converging  as  they  advance,  and 
sometimes  blending  into  one  mass  at  the  triturating  surface. 
This  genus  is  exclusively  represented  by  species  from  the 
oolitic  slate  of  Stonesfield — e.  g.,  G,  B^uMandiy  G,  Coleiy  G. 
Owenii, 

Genus  Edaphodus,  Egerton  (including  Edaphodon  and 
Passcdodoiii  of  Buckland). — Each  upper  maxiUary  has  three 
dental  columns;  the  lower  jaw  is  more  produced,  but  less 
deep,  than  in  Ischiodus :  the  premaxillaiy  dental  mass  consists 
of  five  vertical  and  slightly  bent  series  of  oblique  and  curved 
transverse  plates ;  the  median  and  longest  series  being 
strengthened  by  a  supplementary  dental  column  behind;  it 
represents  the  genus  PdsscUodon  of  Buckland.  The  large 
E,  Sedgwickii  is  from  the  greensand  near  Cambridge;  the  still 
larger  E,  gigas  from  the  chalk  of  Kent  and  Sussex.  The 
ichthyodoi*ulite  called  Psittacodus  MantcMi  by  Agassiz  may  be 
the  dorsal  spine  of  this  species.     Three  species,  including  the 
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E.  BtuJclandiy  are  found  in  the  eocene  of  Bagshot  and  Brack- 
lesbam ;  and  one  species  (E.  helveticus)  is  &om  the  mollasse  of 
Switzerland. 

Genus  Euismodus,  Egerton. — Each  upper  maxillary  has 
three  dental  columns,  but  the  dentine  is  confluent^  *' being 
roUed  round  like  a  scroll  on  the  substance  of  the  bone,  one 
edge  forming  the  margin  of  the  tooth,  the  other  buried  deep 
in  its  centre."*  The  premaxillary  has  a  thin  incurved  scal- 
priform  tooth,  rounded  at  the  cutting  edge,  of  a  lamellate 
structure,  with  a  columnar  arrangement  of  the  plates,  which 
are  juxtaposed.  This  genus  is  exclusively  represented  by 
species =£.  Hunteri — from  the  London  clay  of  Sheppy. 

Order  III.— GANOIDEI. 

Char. — Endo-skeleton  in  some  osseous,  in  some  cartilaginous, 
in  some  partly  osseous  and  partly  cartilaginous ;  exo- 
skeleton  formed  by  enamelled  bones ;  fins  usually  with 
a  strong  spine  for  the  first  ray. 

Sub-order  1.— PLACOGAIJOIDEI. 

Cfuir. — Endo-skeleton  cartilaginous,  or  retaining  the  noto- 
chord ;  head  and  more  or  less  of  the  trunk  protected  by 
large  ganoid,  often  reticulated,  and  suturaUy  united, 
plates;  heterocercal 

The  last  term  signifies  a  form  and  structure  of  tail  illus- 
trated by  fig.  58,  and  to  be  seen  in  the  sharks,  dog-fishes,  and 
sturgeons  of  the  present  day :  it  results  from  a  prolongation 
of  the  vertebral  column,  w,  into  the  upper  lobe  dn,  producing 
an  unsymmetrical  form  of  the  caudal  fin,  which  is  contrasted 
with  the  symmetrical  form  of  the  same  fin  presented  by  most 
fishes  of  the  present  day,  and  illustrated  by  the  Leptolepis 
sprattiformis  (fig.  73),  and  by  the  Semiopharus  (fig.  76),  in 

*  Egerton,  Proc.  Geol.  Roc.,  May  12,  1847. 
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wliieli  the  vc'i'(flii':il  cohiiiiii  teriiiiiintc^t  at  tho  uiiiUlk'  <if  titc 
Iwiso  (if  tln!  ciiiidikl  fill.  Tlunv  are  alsi)  iiiU'iiiiediate  forms 
and  structures  of  this  fin,  siinic  uf  thiy^i  exemplifying  arrested 
i>tage8  iu  the  dovelopmeut  of  the  homocercal  toil. 


Mg.  58. 

Het«rocen:al  tail  (LepidoiUut  ouam*). 

The  fossil  remains  of  the  singular  fishes  of  the  extinct 
order  Plaax/aiwidei  were  first  discoveretl  about  1813,  in 
formations  of  the  "  old  red "  or  Devonian  age  in  Russia, 
and  are  preserved  in  museums  at  St.  Petersbui^  and  Dor- 
pat.  The  relation  of  these  specimens  to  the  class  of  fishes 
was  first  announced  by  Professor  Aamuss,*  and  shortly  after, 
the  generic  names  Asierolepis  and  Botkrwl^ns  were  invented 
by  Professor  Eichwald,f  to  express  certain  modifications  of 
the  external  surface  of  portions  of  the  ganoid  plates,  subse- 
quently recognized  as  constituting  the  buckler  of  the  fore-part 
of  the  extinct  fishes.  In  September  1840  Hugh  Miller  sub- 
mitted to  the  geolc^cal  section  of  the  British  Association  at 
Glasgow  the  first  discovered  specimens  which  afforded  a  recog- 
nizable idea  of  the  form  of  one  of  these  "old  red"  fishes,  and 

•  BuJIotin  Sciont.  pnr  TAcai].  Imp.  Jea  Sciences  do  St.  Pelersburg,  1840,  t. 
Ti.,  p.  220. 

f  WiiA,  I.  Tii.,  p.  78,  communicated  March  13,  IS40.  Dr.  FJcming  hod 
rccognixed  certain  Ibwil  scnlea  an  those  of  fishes  in  the  "  Old  Bed  "  of  Flfe- 
Bhire,  in  1827. 
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for  this  form  Professor  Agassiz  assigned  the  generic  name 
PtericfUhys.  {pierony  a  wing,  ickthySy  a  fish).  Although,  there- 
fore, the  term  Asterolqm  had  been  attached  to  a  fragment  of 
the  cuirass  of  this  fish  a  few  months  previously,  yet,  as  no 
recognizable  generic  characters  were  associated  with  such 
name,  and  as  Asterohpis  has  been  applied  also  to  other 
genera — e.  g^.,  Homostetts  and  Hekrostitis  of  Asmuss  —  the 
example  of  British  palaeontologists  will  be  here  followed,  in 
retaining  the  name  Fto'ichthys  for  the  present  genus.  **  Of 
all  the  oiganisms  of  the  system,"  wix)te  the  gifted  Author  of 
the  Old  Red  SandstonCy  "one  of  the  most  extraordinary, 
and  the  one  in  which  Lamai'ck  would  have  most  delighted, 
is  the  PierickthySy  or  winged  fish,  an  ichthyolite  which  the 
writer  had  the  pleasure  of  introducing  to  the  acquaintance 
of  geologists  nearly  three  years  ago  (1840),  but  which  he  first 
laid  open  to  the  light  about  seven  years  earlier"  (1833). 

Oenvs  Ptebichthys  (fig.  59). — The  head  and  the  anterior 
half  of  the  trunk  are  defended  by  ganoid  plates — i,e.,  plates 
of  hard  bone  coated  with  enamel ;  those  of  the  trunk  forming 
a  buckler  composed  of  a  back-plate  (fig.  59)  and  breast-plate 
(fig.  60),  articulated  together  at  the  sides.  The  rest  of  the 
trunk  was  defended  by  small  ganoid  scales,  giving  it^  like 
scale-armour,  flexibility.  The  fish  bore  a  small  dorsal  fin  (fig. 
59,  d),  and  a  terminal  heterocercal  fin ;  but  these  are  very  rarely 
displayed  in  fossil  specimens.  The  pectoral  spines,  c,  are 
formed  of  ganoid  material,  like  the  buckler.  The  armour  of 
the  head,  or  helmet^  i,  lo,  appears  to  have  been  articulated  by 
a  movable  joint  to  the  trunk-buckler  n,  13.  One  of  the  few 
existing  ganoid  fishes  (Lepidosieus)  is  remarkable  for  the  degree 
in  which  the  head  moves  upon  the  trunk.  The  component 
dermal  plates  of  the  helmet  correspond  in  some  measure  with 
the  position  of  the  cranial  bones  in  osseous  fishes,  but  not 
sufficiently  to  sanction  the  application  to  them  of  corresponding 
names.     They  are  indicated  by  figures  in  tlie  cut  59 :   1  is  the 
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front  tei-rainai  or  rvstrai  plate ;  it  ia  followed  in  the  median 
line  by  four  other  plates  in  the  following  order: — 4.  preme- 


Fig.  59. 

PltTxchthya,  dorsal  surface  (E)evoniaD),  after  Pander. 

dian;  s,  median;  t,  postmedian;  lo,  nuchal;  3  ia  the  mnrffinaly 
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and  7  the  poBtmargirtal ;  $  is  the  prdateral,  and  9  the  posilaUral. 

The  dorsal  shield  of  the  trunk-cuirass  is  composed  of  two 

mid-platee  and  two  on  each  side,     n  is  the  "  dwsomedian," 

14  the  post-dorsottudian ;    n  is  the  d&raolateral,  ij  the  jmt- 

dondatfral.    The  ventral  ,5 

shield  (fig.  60)  conBistfi  of 

one  mid-plate   and    two 

side-plates  :  15  is  prohably 

a  part  of  the  cephalic 

shield  or  of  the  mandible 

19  ia  the  ventrolateral,  *i 

ihe  pod-vmtrolaieral ;  the   1     I 

small  Bupplementaryplate  ' 

marked  17  is  usually  con-  '      I 

fluent  with  19;  16  is  the  ■"  _J_ 

■centromedian    plate ;    its   /^'^ 

margins  are  bevelled  off  |     j 

and   overlapped    by  the  •     I 

lateral  plates.  | 

The    pectoral    spines  ; 

(tig,  59,  c)  consist  of  two 

principal  segments,  both  1 

defended  by  finely  tuber- 

culated  ganoid  plates,  like 

those  of  the  head  and 

trunk.     From  their  form,  % 

they  would  seem  to  have  ^ 

served  to  aid  the  fish  iu  Rg-  so. 

fihnfHing  along  the  sandy 

bottom  or  bed,  if  left  dry 

at  low-water.    The  fins  attached  to  the  flexible  part  of  the 

body   indicate  a   certain   power  of  swimming,  though   not 

with  any  great  rapidity ;   they  include  a  small  dorsal  and 

a  pair  of  ventrals — these  latter  were  first  observed  by  Sir 
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P.  Egerton.  The  jaws  are  small,  and  possess  confluent 
denticles. 

The  type-species  is  the  Pterichthys  MUleri ;  others  have 
been  based  upon  proportions  of  the  cuii^ass,  of  the  pectorals, 
and  the  tail ;  all  are  from  the  **  old  red  sandstone,"  and  the 
great  majority  have  been  found  in  the  Devonian  strata  of 
Caithness,  and  other  Scotch  localities. 

QeniLS  Cephalaspis  (kqihale^  head ;  aspiSy  buckler). — In  tliis 
genus  the  posterior  angles  of  the  shield-shaped  helmet  are 
produced  backward  in  a  pointed  form,  giving  to  the  head  the 
form  of  a  "  saddler's  knife  ;"*  in  other  respects  the  genus  closely 
resembles  Pterichthys. 

Mr.  D.  Page  has  recently  acquired  specimens  of  Cepha- 
laspis from  Lanarkshire  tile-stones,  forming  the  base  of  the 
Devonian  system,  which  shew  a  dorsal  fin,  pectoral  fins,  and 
a  large  heterocercal  fin,  besides  a  well-marked  capsule  of 
the  eye-baU.  Cephala»pis  Murchisoni  occurs  in  the  passage 
beds  from  the  Silurian  to  the  Devonian  systems. 

Genus  Pteraspis. — The  buckler  of  Pteraspis  iruncaius  has 
been  found  in  a  Siliirian  stratum  below  the  Ludlow  bone  bed ; 
it  is  the  earliest  known  indication  of  a  vertebrate  animal. 
Pteraspis  Lloydii  occurs  in  the  lower  '*old  red"  of  Britain. 
The  Paloeo-  or  Archceo-teuthis  of  Ferd.  Eoemer  is  founded  on 
the  buckler  of  a  *'  devonian  "  Pteraspis. 

Genvs  Coccosteus  {kokkos^  berry  ;  odcon^  bone). — If  a 
heterocercal  fin  were  added  in  outline  to  the  restoration  of 
the  fish  of  this  genus  (fig.  CI),  a  correct  idea  would  be  given 
of  the  *'old  red"  fossil,  which,  in  the  progress  of  its  recon- 
struction, has  suggested  such  diverse  notions  of  its  nature 
and  affinities. 

The  helmet  and  cuirass  are  firmly  united,  and  there  is 
no  trace  of  the  jointed  appendages,  like  pectoral  fins,  which 
characterize  PtericJUhys.  The  unprotected  part  of  the  trunk 
shews  an  ossification  of  the  neural  and  haemal  spines,  and  of 
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their  appendages,  the  mys 
of  a  "dorsal"  and  "anal" 
fin ;  and,  by  the  analogy  of 
Cephalaspis,  the  tail  was 
most  probably  terminated 
by  an  unequal-Iobed  fin. 
The  lower  jaw  is  composed 
of  two  rami,  loosely  con- 
nected at  the  symphysis;  - 
so  that,  being  displaced  in 

crushed    fossil     specimens,  ^ 

they  gave  the  notion  of  the      j  tg 

fish    being    provided  with  J 

laterally-moving  jaws,  like   ^  ^ 

those  of  the  lobster.    But,  | 

the  lower  jaw  worked  verti-  1 

cally  upon  a  fixed  upper  '=_  -a 

one ;  both  jaws  being  pro-  =S  % 

vided    with    from    ten    to  •-• 

twelve  teeth  on  each  side,  -I 

anchylosed  to  the  bone.  .§ 

An  under-view  of  the    ;  ^1 

cephalothoracic  buckler  of  | 

Coccoalem  is  given  in  fig.  62,  ^ 

shewing  the  internal  sur- 
face and  sutures  of  most  of 
the  cephalic  plates,  and  the 
external  surface  of  the  plates 
of  the  plastron.  %  rostral 
plate ;  7.  premedian ;  j,  me- 
dian;  %  prelcUeral ;  6,  late- 
ral; 16,  and  »*,  Ihs  stdxyrbital 
hojU;  IS,  preventi-mnedian  ; 
behind  the  lozenge-shaped 
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'tt(ro7ii':ili(in,  niiil  on  eucli  side,  arp  (u)  tlie  2'r<:-v(iitr«luicrnl 


Fig.  62. 

OpbnliillinriK'it^  biickl^r,  leiitral  BH[>i-rl,  Cvcanlevt  d^pitnt  (DeTonian). 

and  (lo)  the  poat^-enirolciteral.    Tlie  same  figures   mark  the 
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above  plates  in  the   side  view  (fig.  61),  with   the   addition 
of  (12)  the  dorsomedian  and  (14)  the  post-dm^somedian. 

The  blank  space  between  the  neural  (?i)  and  haemal  (h) 
spines  of  the  fossil  endo-skeleton  indicates  the  position  of  the 
soft  "notochord"  (c),  which  has  been  dissolved  away.  The 
cylindrical  gelatinous  body,  so  called  (in  Latin  chorda  dorsalts) 
pre-exists  to  the  formation  of  the  bony  bodies  of  the  vertebrae 
in  all  vertebrate  animals ;  and  the  development  of  those  bodies 
seems  never  to  have  gone  beyond  this  embryonal  phase  in  any 
palaeozoic  fish  ;  such  fishes  are  accordingly  termed  "  noto- 
chordal,"  as  retaining  the  notochord. 

There  are  but  two  genera  of  existing  fishes  which  mani- 
fest, when  full  grown,  such  a  structure,  associated  with 
ossified  peripheral  elements  of  the  vertebrae — viz.,  the  Proto- 
ptents  of  certain  rivers  of  Africa,*  and  the  Lepidosiren  of 
certain  rivers  of  South  America.  Those  fishes,  if  fossilized, 
would  present  the  appearance  of  the  vertebral  column  shewn 
in  fig.  61 :  and  the  like  persistence  in  all  palaeozoic  and  most 
mezozoic  (figs.  72  and  74)  fishes  of  an  embryonic  vertebral 
character,  transitory  in  nearly  all  existing  fishes,  significantly 
testifies  to  a  principle  of  "  progression." 

The  external  ganoid  surface  of  the  buckler  plates  of 
Coccosieiis  is  ornamented  with  small  hemispherical  tubercles ; 
whence  the  generic  name,  signifying  **  berry -bone.''  The 
similarity  of  this  ornamentation  to  that  of  the  plates  of  the 
buckler  in  some  tortoises,  led  to  the  belief,  when  the  coccos- 
teal  plates  were  first  found,  of  their  being  evidence  of  the 
chelonian  genus  Trionyx  in  Devonian  beds.  Passing  notions 
also  got  into  print  of  the  crustaceous  afl&nities  of  Coccosteus ; 
whence  the  trivial  name  of  the  type-species  decipienSy  or  the 
"  deceiving"  Coccosfeus, 

Strange  as  seem  the  forms  and  stnicture  of  the  placo- 

*  See  Linnaean  Transactions,  vol.  xviii. ;  and  Proceedings  of  the  Linutcau 
Society,  April  2,  1839. 
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ganoid  fishes  of  the  "old  red"  period,  there  are  not  wanting 
existing  species  which  throw  much  truer  light  on  their  nature 
than  any  existing  Chelonia  or  Cmstarea,  Tlie  singular  little 
family  of  "  trunk-fishes  (Osfraciajiida')  sliews  species  in  which 
the  body  is  inclosed  in  a  more  or  less  quadrangular  cuirass, 
composed  of  suturally- articulated  ganoid  plates,  which  are 
usually  tuberculated  on  the  external  surface,  and  with  the 
angles  prolonged  into  spines  in  some  species,  like  those  of  the 
helmet  of  Cephalaspis.  The  caudal  part  of  the  trunk  pro- 
tnides  from  the  back  opening  of  tlie  cuirass,  as  in  CoccostcuH 
and  PteHMhys,  and  ossification  of  the  endo-skeleton  is  incom- 
plete. The  species  of  this  family  are  for  the  most  part  natives 
of  seas  of  tropical  or  warm  temperate  latitudes. 

In  another  family  of  existing  fishes,  called  "Siluroids," 
there  are  species  in  which  the  broad  cranial  bones,  connate 
with  dermal  ossifications,  form  a  helmet  to  the  head,  whilst 
one  or  two  dermal  spine-bearing  bones  combine  to  form  the 
part  called  "  buckler"  by  Cuvier.*  In  the  genus  DoraSy  the 
lateral  line  is  armed  with  bony  ganoid  plates ;  and  in  Callich- 
thySy  these  biserial  plates  are  developed  so  as  to  incase  the 
whole  body.  But  generally,  as  in  PimdoduSy  the  hinder 
muscular  part  of  the  trunk  is  undefended,  as  in  Coccosieus. 
The  ganoid  plates  of  the  head  and  back  shields  are  fretted 
with  rows  or  ridges  of  confluent  tubercles,  radiating  from  the 
centre  to  the  circumference  of  the  plate,  whilst  the  inner 
surface  is  smooth,  as  in  Coccosieus  (fig.  62);  and,  moreover, 
the  dorsal  plate  in  existing  Siluroids  sends  down  a  median 
ridge  from  its  inner  surface,  like  that  from  the  *'  dorso-median" 
plate  in  Coccosteus,  The  point  of  resemblance  to  be  mainly 
noticed,  however,  is  the  contrast  furnished  by  the  powerful 
armature  of  the  head  and  back  with  the  unprotected  naked- 
ness of  the  posterior  portions  of  the  creature — a  point  specially 
noticeable  in  Coccosteff.%  and  apparent  also,  though  in  a  lesser 

*  Hi«toire  des  Poissons,  torn.  xii. 
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degree,  in  some  of  the  other  genera  of  the  old  red,  such  as 
the  Pte7ncJUhycs  and  Asterolepides.  "From  the  snout  of  the 
Coccosteus  down  to  the  posterior  termination  of  the  dorsal 
plate  the  creature  was  cased  in  strong  armour,  the  plates  of 
which  remain  as  freshly  preserved  in  the  ancient  rocks  of  the 
country  as  those  of  the  Pimelodi  of  the  Ganges  on  the  shelves 
of  the  Elgin  museum ;  but  from  the  pointed  termination  of 
the  plate  immediately  over  the  dorsal  fin  to  the  tail,  com- 
prising more  than  one  half  the  entire  length  of  the  animal, 
all  seems  to  have  been  exposed,  without  the  protection  of 
even  a  scale;  and  there  sur\dves  in  the  better  specimens 
only  the  internal  skeleton  of  the  fish  and  the  ray-bones  of  the 
fins.  It  was  armed,  like  a  French  dragoon,  with  a  strong 
helmet  and  a  short  cuirass ;  and  so  we  find  its  remains  in  the 
state  in  which  those  of  some  of  the  soldiers  of  Napoleon's  old 
guard,  that  had  been  committed  unstripped  to  the  earth,  may 
be  dug  up  in  the  future  on  the  fatal  field  of  Borodino,  or  along 
the  banks  of  the  Dwina  or  the  Wap.  The  cuirass  lies  still 
attached  to  the  helmit,  but  we  only  find  the  naked  skeleton 
attached  to  the  cuirass.  The  Pterichthys  to  its  strong  helmet 
and  cuirass  added  a  posterior  armature  of  comparatively 
feeble  scales,  as  if,  while  its  upper  parts  were  shielded  with 
plate-armour,  a  lighter  covering  of  ring  or  scale  armour 
suflSced  for  the  less  vitjil  parts  beneath.  In  the  Asterolepis 
the  arrangement  was  somewhat  similar,  save  that  the  plated 
cuirass  was  wanting.  It  was  a  strongly-hebned  warrior  in 
slight  scale-armour;  for  the  disproportion  between  the  strength 
of  the  plated  head-piece  and  that  of  the  scaly  coat  was  still 
greater  than  in  the  Pterichthys.  The  occipital  sta^-covered 
plates  are,  in  some  of  the  larger  specimens,  fully  three- 
quarters  of  an  inch  in  thickness,  whereas  the  thickness  of  the 
delicately-fretted  scales  rarely  exceeds  a  line. 

•^Why  this  disproportion  between  the  strength  of  the 
armature  in  different  parts  of  the  same  fish  should  have 
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obtained,  as  in  Pterichthys  and  AsterolepiSy  or  why,  while  one 
portion  of  the  animal  was  strongly  armed,  another  portion 
should  have  been  left,  as  in  CoccosteMS,  wholly  exposed,  cannot 
of  course  be  determined  by  the  mere  geologist.  His  i*ocks 
present  him  w^th  but  the  fact  of  the  disproportion,  without 
accounting  for  it.  But  the  natural  history  of  existing  fish,  in 
which,  as  in  the  Pimelodi,  there  may  be  detected  a  similar 
peculiarity  of  armature,  may  perhaps  throw  some  light  on 
the  mystery.  In  Hamilton's  Fishes  of  the  Ganges,  the  habitats 
of  the  various  Indian  species  of  Pimeiodi,  whether  brackish 
estuaries,  ponds  or  rivei*s,  are  described,  but  not  their  charac- 
teristic instincts.  Of  the  Silurus,  however,  a  genus  of  the 
same  great  family,  I  read  elsewhere  that  some  of  the  species, 
such  as  the  Silurus  Glanis,  being  miwieldy  in  their  motions, 
do  not  pursue  their  prey,  which  consists  of  small  fishes,  but 
lie  concealed  among  the  mud,  and  seize  on  the  chance 
straggler's  that  come  in  their  way.  And  of  the  Piimlod^cs 
gidio,  a  little  strongly-hebned  fish  with  a  naked  body,  I  was 
informed  by  Mr.  DuflF,  on  the  authority  of  the  gentleman  w^ho 
had  presented  the  specimens  to  the  Museum,  that  it  burrowed 
in  the  holes  of  muddy  banks,  from  which  it  shot  out  its 
armed  head,  and  arrested  as  they  passed,  the  minute  animals 
on  which  it  preyed.  The  animal  world  is  full  of  such  com- 
pensatory defences;  there  is  a  half-suit  of  armour  given  to 
shield  haK  the  body,  and  a  wise  instinct  to  protect  the  rest 
Now  it  seems  not  improbable  that  the  half-armed  Coccosteus, 
a  heavy  fish,  indiflferently  furnished  with  fins,  may  have 
burrow^ed,  like  the  recent  Silunis  Glanis  or  Pimdodus  guliOy 
in  a  thick  mud,  of  the  existence  of  which  in  vast  quantity, 
during  the  times  of  the  old  red  sandstone,  the  dark  Caithness 
flagstones,  the  foetid  breccia  of  Strathpeffer,  and  the  gray 
sti-atified  clays  of  Cromarty,  Moray,  and  Banff  unequivocally 
testify;  and  that  it  may  have  thus  not  only  succeeded  in 
capturing  many  of  its  light-winged  contemporaries,  which  it 
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would  have  vainly  pursued  in  open  sea,  but  may  have  been 
enabled  also  to  present  to  its  enemies,  when  assailed  in  ite 
turn,  only  its  armed  portions,  and  to  protect  its  unarmed 
parts  in  its  burrow."* 

Family. — SiuRioNiDiE. 

The  Sturgeons  are  an  exceptional  kind  of  fishes  at  the 
present  day.  They  include  one  of  the  few  existing  genera 
(Sturio)  which  have  the  "  ganoid "  scales,  but  these  have  the 
size  and  shape  of  plates,  joined  by  suture  on  the  head,  de- 
tached in  rows  along  the  trunk.  Tliis  placoganoid  type 
of  exoskeleton  is  combined  with  as  ancient  a  condition  of 
the  vertebral  column,  in  which  the  notochord  is  persistent 
and  the  vertebral  bodies  consequently  absent,  whilst  the  for- 
mation of  the  arches  and  their  appendages  does  not  pass 
beyond  the  cartilaginous  stage,  except  in  parts  of  the  hieinal 
arches  of  the  skulL  The  other  genera  of  the  family  shew  the 
exoskeleton  either  in  excess,  so  as  to  encase  the  caudal  part 
of  the  trunk  (Scaphyrhynehu^),  or  almost  wanting,  as  in  the 
paddle-fish  of  North  America  (Spatularia),  The  whole  family 
is  edentulous.  Tlie  skeletal  basis  of  the  head  and  fins  is, 
however,  sufficiently  hard  to  be  preserved  in  the  fossil  state  ; 
and  thus  fishes  allied  to  the  last-named  aberrant  genus  have 
become  known  to  us  as  having  tenanted  the  liassic  seas  of 
(now)  British  coasts  (Lyme  Regis,  Whitby).  The  name 
Cliondrostevs  was  given  to  this  genus  by  its  discoverer, 
Agassiz;  two  species  have  been  well  described  and  figured 
by  Egerton.t 

In  the  arrangement  of  the  cranial  plates,  and  of  the 
edentulous  maxillary  and  mandibular  arches,  in  the  per- 
sistent notochord,  in  the  apparent  composition  of  the  neur- 
apophysis  of   two  pieces,  and    in    the  confluence   of   the 

*  Hugh  Miller,  Rambles  of  a  Geologist,  p.  288. 
t  Philos.  Trans.  1858,  p.  871. 
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scapula  with  tlie  comcoid,  ChAmdrosteus  agrees  with  Sturio, 
In  the  structui-e  of  the  hyoid  and  opercular  regions,  in  the 
better  ossification  of  the  endoskeleton,  and  in  the  shape 
and  number  of  the  **  fulcra!  scales  "  of  the  tail,  ChoTidrostcus 
shews  a  nearer  affinity  to  the  Lepidoganoids.  In  the  absence 
of  a  spine-armed  plate  in  front  of  each  median  fin,  in  the 
more  advanced  position  of  the  dorsal,  in  its  deeper  form  and 
smooth  integument,  it  resembles  Spatularia,  The  fore  part 
of  the  head  is  too  mutilated  in  the  fossils  to  prove  that  it 
might  not  also  have  resembled  the  Sj^fttularia,  in  a  paddle- 
shaped  production  of  that  part.  Tlie  liassic  sturgeon  seems  to 
have  enjoyed  a  more  tranquil  existence  than  the  modem  ones. 
The  associated  molluscous  and  radiate  animals  prove  the 
marine  character  of  the  waters  it  inhabited.  The  thinly 
laminated  beds  of  shale  and  limestone  in  which  its  remains 
occur  testify  to  the  tranquil  condition  of  the  sea  in  which  it 
lived  ;  its  smooth  skin  doubtless  harmonizing  in  tint  with  the 
muddy  bottom,  served  to  conceal  it  from  the  predatory 
saurians  with  which -it  co-existed,  so  that  Chondrosteus  re- 
quired neither  defensive  armour  nor  locomotive  eneigy  to 
fulfil  the  functions  assigned  to  it. 

Evidence  of  a  true  sturgeon  (A  ccipciiser)  has  not  hitherto 
been  met  with  in  formations  of  older  date  than  the  eocene 
clay  at  Sheppey  {Ace,  toliapictis,  Ag) 

m 

Siib-Oi'der  2.— LEPIDOGANOIDEI. 
Family  I. — DiPTERiDiE. 

This  family  includes  a  few  heterocercal  fishes  with  two 
dorsal  fins,  and  a  large  anal,  adding  by  theii*  backward  posi- 
tion to  the  power  of  the  main  propelling  organ — ^the  tail. 
The  head  is  large  and  well  defended  by  ganoid  bones ;  the 
teeth  are  conical  and  sub-equal;  the  scales  perforated  by 
small  fommina ;  the  notochord  is  persistent 
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In  the  geuua  Dii>lenis  (fig.  63),  the  two  dorsals,  d  1, 
d  2,  are  opposite  the  anal  a,  and  the  space  thence  extending 
to  the  ventrals  v;  the  latter  being  a  little  in  advance 
of  the  first  dorsaL     The  Dipterus  macrolepidotus  is  charac- 


Fig-  63. 
Dlptervt  naorolepiilotut  {Devooian). 

terized  by  the  large  size  of  its  scales.  Its  remains  are  found 
in  the  old  red  sandstone  of  many  localities  of  Scotland  and 
England. 

In  the  allied  genus  Diploptems  the  dorsals  are  wider 
apart,  and  the  teeth  are  larger  and  fewer.  Four  species 
have  been  recognised  in  the  middle  "old  red"  of  Gamrie, 
Orkney,  and  Lethenbar,  Two  species  occur  in  the  carboni- 
ferous series. 

In  the  genus  Osteolepia  the  first  dorsal  is  near  the  middle 
of  the  back.  The  t^eth  are  sharp ;  not  any  of  the  species 
exceed  a  foot  in  length  :  they  are  all  from  the  middle  "old  red." 

Family  II. — Acanthodii. 

The  species  of  this  family  are  characterized  by  their  very 
small  scales :  they  are  heterocercal  and  notochordaL  There 
is  a  strong  spine  in  front  of  each  fin.  The  head  is  large ;  the 
orbits  approximate  ;  the  mouth  wide,  formed  chiefly  by  the 
maxillaries,  and  opening  obliquely  upwards,  so  that  they 
have  somewhat  the  aspect  of  the  UranoscopL  They  have  many 
brancbiostegal  rays.  The  principal  genera  are  from  the  old 
red  sandstone,  and  are  as  follows: — Chdracantkiis,   with  a 
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Hingle  iluitiiil  situated  iu  front  of  the  aaal  ;  Amiilhoiits,  in 
which  the  dorsal  is  situated  behind  iim  jinal ;  and  Dijila- 
canlhus  (fig,  Gi),  in  whieli  there  are  two  dorsals. 

Tlie  Di}>lacaiitkii--i  sirialus  is  found  in  the  "old   red"  of 
Cromarty.     In  tig.  64,  as  in  the  otlier  figures,  p  is  the  pectoral 


Kg.  M. 

Diplacantiuu  $trialtii. 

tin,  d  the  dorsal,  v  the  venti-al,  a  the  anal,  and  c  tlie  caudal. 
In  thia  species  the  iipjier  lobe  of  the  caudal  is  much  pro- 
longed. Tlie  fin-spines  in  the  Acaniliodii  were,  like  those 
of  the  recent  dog-fish  (Spiiuix),  simply  imbedded  in  the 
flesh,  with  their  base,  aa  it  were,  unfinished ;  not  provided, 
as  in  the  Siluroids  and  other  modem  bony  fishes,  with  a 
joint-structure. 

Cheirokpia,  with  the  minute  scales  of  the  family,  has  the 
dorsal  behind  the  anal,  but  has  no  spine  in  any  fin:  the 
mouth  is  large,  the  teeth  small  and  umserial  Some  species 
of  the  present  family,  ^cnjtiAorfes  Sronnii,^c*"/cn(Ms,  existed 
in  the  seas  of  the  carboniferous  period. 

FiMILT  III. — C<EL ACANTHI. 

The  species  of  this  family  are  characterized  by  the  hollow- 
ncss  of  the  rays  or  spines ;  whence  the  name.  The  caudal  fin 
has  ft  peculiar  stnicture,  the  vertebral  column  being  continued 
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into  and  beyond  ita  middle  part,  supporting  a  kind  of  slender 
appendage  between  the  two  normal  lobes.  Ccelacanths  are 
most  abundant  in  the  Devonian  and  carboniferous  forma- 
tions ;  but  some  occur  in  oolitic  and  even  in  cretaceous  beds  ; 
but  all  became  extinct  before  the  tertiary  epoch. 

Fine  specimens  of  homocercal  fishes,  with  rounded  ganoid 
scales,  sculptured  externally  and  pierced  by  pro- 
minent mucus-tubes,  as    in  fig.  65,  bave   been 
discovered  in  the  chalk  fonuations  of  Kent  and  | 
Sussex.     They  have  been  referred  by  Agassiz  to 
the  genus  called  Macropoiita,  significative  of  the       '^' 
large  size  of  the  gill-cover,  and  to  the  cotlacanthal  Manteili 
family.    Casts  of  the  "  interior'  of  the  alimentary     ^    "  '* 
canal,  shewing  impressions  of  a  broad  spiral  valve,  are  pw- 
served  in  certain  specimens  in  the  British  Museum,     One 
species  {M.  Egertont)  is  from  the  Speeton  clay;  the  other 
{M.  Manteili)  from  the  chalk. 

Codacantkus  is  represent«d  by  species   in  carboniferous 
(C.    lepturus),    permian    {C.   granuloms),    and 
triassic  (C.  minor)  beds. 

Qlyptol^na  bad  a  heteracercal  tail,  with 
rounded  scales,  smooth  externally,  and  with 
radiating  compartments  internally.  The  G.  mi- 
croUpidotus,  of  which  a  magnified  view  of  some 
scales  is  given  in  fig.  6(3,  occurs  in  the  middle 
old  red  sandstone  of  Scotland  and  Buasia. 

Pkyllolepia  is,  as  yet,  known  only  by  its 
looth  or  concentrically  furrowed  scales, 
which  are  six  inches  in  diameter.  '™ii"')- 
Ph.  concentricus  occurs  in  the  upper  old  red  of  Clasbbinnie  ; 
Asterolepis  in  the  middle  old  red  of  Elgin ;  Botkriolepia  in 
the  upper  old  red  of  Scotland  and  Eussia ;  and  Glyptopomus, 
with  the  cranial  bonos  sculptured  externally,  in  the  upper  old 
rod  of  Dura  Den. 
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Family  IV. — Holoptychid^. 

The  type-genera  of  this  family  were  first  recognized  and 
chjiracterized  by  the  fossil  scales,  under  the  name  HoloptycJims 
(Ag.),  and  by  the  fossil  teeth,  under  the  name  Rhizodus  (Ow.) 
They  include  species  which  have  left  their  remains  in  the 
"  old  red  "  and  the  coal  measures.  They  are  nearly  allied  to 
the  Coelacanthians,  having,  like  them,  but  partially  ossified 
bones  and  spines,  the  interior  of  which  retained  their  primitive 
gristly  state,  and  appear  hollow  in  the  fossils.  The  head  was 
defended  by  large  externally  sculptured  and  tuberculate  ganoid 
plates.  The  teeth  consist  of  two  kinds — small  serial  teeth, 
and  large  laniary  teeth,  the  latter  placed  at  long  intervals ; 
both  kinds  shew  the  "labyrintliic"  structure*  at 
their  base,  which  is  anchylosed  to  the  jawbone. 

The  generic  term  Rhizodus  is  now  retained  for 
the  Holoptychians  of  the  coal  measures  which  have 
«   ,  ^\.  ^ ,    more  robust  and  obtuse  serial  teeth,  and  longer. 

Scale  of  J5bfc-  '  ^     ' 

ptychiusnobi-  sharper,  and  more  slender  laniaries,  exemplified  by 
vonian),  half  ^^^  ^-  Hibberti.  Spccies  of  true  Hohptyckius — 
nat.  size.  ^g^  H.giganteus  (Ag.),^.  ndbilissimvs  (Ag.),  occur 
in  the  old  red  sandstone.  A  noble  specimen  of  the  latter 
species,  2  feet  6  inches  in  length,  discovered  in  the  old  red 
sandstone  at  Clashbinnie,  near  Perth,  is  now  in  the  palae- 
ontological  series  of  the  British  Museum.  It  is  chiefly 
remarkable  for  the  size  and  bold  sculpturing  of  the  ganoid 
scales  (fig.  67). 

Large  fossil  teeth,  with  the  more  complex  ** dendritic" 
disposition  of  the  tissues,  characterize  a  genus  {Dendrodvs)^ 
most  probably  of  the  Holoptychian  family.  The  complexity 
is  produced  by  numerous  fissures  radiating  from  a  central 
mass  of  vasodentine,  which  more  or  less  fills  up  the  pulp- 
cavity  of  the  seemingly  simple  conical  teeth  of  this  genus. 

*  Owen's  Odontography,  4to,  1840,  pi.  35. 
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Fig.  68  is  one  of  these  fossil  teeth  of  the  natural  size — a,  a 
transverse  section  ;  and  fig.  69,  a  reduced  view  of  a  portion 
of  the  same  section  (a)  enlarged  twenty  diameters.     Thus 
magnified,  a  central  pulp-cavity  of 
relatively  small  size,  and  of  an  ii> 
regular  lobulated  form,  is  discerned,  ^— > 

a  portion  of  which  is  shown  at  p ;  '\_y* 

this  is  immediately  surrounded  by 
transverse  sections  of  large  cylindri- 
cal vascular  or  pulp  canals  of  diffe-  /^/""V 
rent  sizes;  and  beyond  these  there                    -— f     "■.'      \ 
are    smaller   and    more    numerous  I                          ^_  ^-^ 
medullary   canals,   which    are   pro-                 Fig-  C8. 
cesses  of  the  central  pulp-cavity.    In  '^°"'^  "^  D^rodu*  Upor^tv, 
the  transverse  section  these  processes 

are  seen  to  be  connected  together  by  a  net-work  of  smaller 
vascular  canals  belonging  to  a  coarse  osseous  texture,  into  which 
the  pulp  has  been  converted,  and  this  structure  occupies  the 
middle  half  of  the  section.  All  the  vascular  canals  were  filled 
up  by  the  opaque  matrix.  From  the  circumference  of  the 
central  net-work  straight  pulp-fissures  radiate  at  pretty  regular 
intervals  to  the  periphery  of  the  tooth ;  most  of  these  fissures 
divide  once,  rarely  twice,  in  their  course — the  division  taking 
place  sometimes  at  their  origin,  in  others  at  different  dis- 
tances from  their  terminations,  and  the  branches  diverge 
slightly  as  they  proceed.  Each  of  the  above  pulp-canals  or 
fissures  is  continued  from  a  short  process  of  the  central  .struc- 
ture, which  is  connected  by  a  concave  line  with  the  adjoining 
process,  so  that  the  whole  peripliery  of  the  transverse  section 
of  the  central  coarse  reticulo-vascular  body  of  the  tooth  pre- 
sents a  crenate  outline.  From  each  ray  and  its  primary 
dichotomous  divisions  short  branches  are  sent  off  at  brief 
intervals,  generally  at  right  angles  with  the  trunk,  or  slightly 
inclined  towards  the  periphery  of  the  tooth.    These  subdivide 
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into  11  few  sliort  ramifications  like  the  hranclips  nf  a  ahriili. 

and  tiiniiiiiate  in  iiTP<jii]ar  and  snniewliat  angular  dilations 
sinuilatinf;  leaves,  Init  wliieh  irsolvc  themselves  into  radiating 
fasciruli  nf  ininut*  dentinal  tulx's.     Tliere  are  from  fifteen  to 
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twenty-five   or   thiity-six   of  these  short  and  small  lateral 
branches  on  each  side  of  the  medullary  rays. 

Such  are  some  of  the  fonus  and  structures  of  the  fishes 
that  swam  in  the  seas  from  which  were  deposited  the  sedi- 
ments that  have  hardened  into  the  "old  red  sandstones"  of 
Great  Britain,  Russia,  and  other  parts  of  tho  world.  And 
in  this  process  of  consolidation  the  carcasses  of  the  fishes 
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entombed  in  the  primaeval  mud  have  had  their  share.  For, 
just  as  a  plastei>cast  boiled  in  oil  derives  gi-eater  density  and 
durability  from  that  addition,  so  the  oily  and  other  azotized 
and  ammoniacal  principles  of  the  decomposing  fish  operated 
iipon  the  immediately  surrounding  sand  so  as  to  make  it 
harder  and  more  compact  than  the  sediment  not  reached  by 
the  animal  principles.  Accordingly  it  has  happened  that  in 
the  course  of  the  upheaval  and  disturbance  of  "old  red" 
strata,  parts  of  it,  broken  up  and  exposed  to  the  action  of 
torrents,  have  been  reduced  to  detritus,  and  washed  away, 
with  the  exception  of  certain  nodules,  generally  of  a  flattened 
elliptic  form,  which  are  harder  than  the  surrounding  sand- 
stone. Such  nodules  form  the  bed  of  many  a  mountain 
stream  in  "old  red  sandstone"  districts  of  Scotland.  If  one 
of  these  nodules  be  cleft  by  a  smart  and  well-applied  stroke 
of  the  hammer,  the  cause  of  its  superior  density  will  be  seen 
in  a  more  or  less  perfect  specimen  of  the  fossilized  remains 
of  some  animal,  most  commonly  a  fish. 

But  the  placoganoid  and  lepidoganoid,  heterocercal  and 
notochordal,  fishes  of  the  Devonian  epoch  existed  in  such  vast 
shoals  in  certain  favourable  inlets,  that  the  whole  mass  of  the 
sedimentary  deposits  has  been  affected  by  the  decomposing 
remains  of  successive  generations  of  those  fishes.  The  De- 
vonian flagstones  of  Caithness  are  an  instance.  They  owe 
their  peculiar  and  valuable  qualities  of  density,  tenacity, 
and  durability,  to  the  dead  fishes  that  rotted  in  their  primi- 
tive constituent  mud.  From  no  other  part  of  the  world,  per- 
haps, can  a  large  flagstone  be  got,  which  a  builder  could  set 
on  its  edge  with  assurance  of  its  holding  long  together  in  that 
position.  A  great  proportion  of  the  county  of  Caithness 
formed,  before  its  upheaval,  the  bottom  of  what  may  truly  be 
termed  a  **  piscina  mirabilis."  Yet  there  are  minds,  who,  cog- 
nizant of  the  wonderful  structures  of  the  extinct  Devonian 
fishes — of  the  evidence  of  design  and   adaptation  in  their 
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structures — of  the  altered  nature  of  the  sediment  suiTounding 
them,  and  its  dependence  on  the  admixture  of  the  decomposing 
and  dissolved  soft  parts  of  the  old  fish — would  deliberately 
reject  the  conclusions  which  healthy  human  reason  must,  as 
its  Creator  has  constituted  it,  draw  from  such  proofs  of  His 
operations.  These  "  irrationalists  "  try  to  make  it  be  believed 
that  God  had  recently,  and  at  once,  called  into  being  all  these 
phenomena ;  that  the  fossil  bones,  scales,  and  teeth,  had 
never  seiTed  their  purpose — had  never  been  recent — were 
never  truly  developed,  but  were  created  fossil ;  that  the 
creatures  they  simulate  never  actually  existed ;  that  the 
superior  hardness  of  the  inclosing  matrix  was  equally  due 
to  primary  creation,  not  to  any  secondary  cause.  Like  the 
Manicheans,  they  refer  the  geological  evidences  of  deposition, 
superposition,  stratification,  petrifaction,  and  upheaval,  equally 
with  the  palaeontological  proofs,  to  the  operations  of  a  being 
actuated  by  an  elaborate  design  to  deceive. 

Family  V. — Pal^oniscid^. 

The  Placoganoids,  so  richly  represented  in  the  Devonian 
epoch,  disappear  in  the  carboniferous  one ;  the  Lepidoganoids 
increase  in  number.  In  the  present  family  they  combine 
with  rhomboid  scales,  a  heterocercal  tail,  and  jaws  armed 
with  numerous,  minute,  close-set,  rather  blunt  teeth.  The 
type-genus  is  Palceonisciis  (fig.  70),  species  of  which  range 
throughout  the  carboniferous  and  Permian  beds  :  it  is  charac- 
terized by  moderate-sized  fins,  the  dorsal,  /),  being  single,  and  f 
opposite  the  interval  between  the  anal.  A,  and  ventral,  F, 
fins :  each  fin  has  an  anterior  spine ;  the  fore-part  of  the  head 
is  obtuse.  In  the  Palceonisci  from  the  coal  formations  at 
Burdie  House,  near  Edinburgh,  the  outer  surface  of  the  scales 
is  striate  and  punctate  ;  e.^.,  in  P.  ornatissimuSy  P.  striatm  ; 
but  in  the  Palceonisci  of  other  British  localities,  and  of  the 
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continental  and  American  coal  formations,  the  scales  are 
smooth ;  e.g.,  in  P.fuUxis,  from  North  America,  P.  Dvvei-noiji 
and  P.  minutus,  from  tlie  coal  beds  of  Miinster  Appel,  In 
the  PalcEonisci  from  the  Permian  copper  schales  and  zech- 
st«in,  the  scales  are  striate  or  punctate.     The  Pala-onisciis 


Freicslebeni  is  the  moat  common,  and  was  the  first  recc^nized 
species  of  the  genus ;  of  which  there  are  forty  known  species, 
chiefly  from  carboniferous  and  Permian  eras :  one  from  the 
Keuper  beds   at  Bowington,  War- 
wickshire, appears  to   be  the  last 
representative  of  the  genua :   it  is ' 
the  Pal(emiiscu3  superdes  of  Egerton. 
Amblyplerus,  with  a  geol<^cal 
range  like  that  niPal{eimiscv^,  differs 

°  tig,  71. 

in  its  shorter  and  deeper  tail,  and  Scale«oU«,Wwpj«ri,.,(™(«, 
larger  body-iina,  which  are  devoid  of  (CarboiiiierouB). 

anterior  spines.  Infig.7l,  aindicates  theoutersurfaceofparts 
of  two  series  of  the  rhomboidal  ganoid  scales  ;  and  6  the  inner 
surface  of  two  scales,  shewing  the  ridge  produced  at  one  end 
into  a  projecting  peg,  which  fits  into  a  notch  of  the  next  scale,  in 
the  way  that  tiles  are  pegged  tc^ether  in  the  roof  of  a  house. 
The  species  affording  the  above  structure  is  the  Amblypterus 
driaiim  from  the  coal  formations  at  Newhaven,  other  species 
of  Ambli/pterus  have  left  their  remains  in  the  muschelkalk, 
at  which  triassic  period  the  genus  seems  to  have  passed 
away. 
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Elonichthys^  from  the  coal  of  Wettin,  with  longitudinally 
striate  jaw-bones,  and  radiately  striate  sknll-bones,  combines 
certain  character  of  the  two  above-named  genera. 

PlcdrolejriSy  from  the  coal  of  Scotland,  with  thick 
and  densely  enamelled  scales,  having  four  or  five  spines 
on  their  hind  border,  is  also  characterized  by  a  more  ad- 
vanced position  of  the  dorsal  fin  than  any  other  genus  of 
P(fiavHiscidcv. 

Family  VI. — SAumcHTHYin.K. 

Magnificent  species  of  heterocercal  rhomb-scaled  Ganoids, 
with  large  dispersed  laniary  teeth,  sometimes  of  a  size  rivalling 
those  of  gieat  Saurians,  for  which  they  have  been  mistaken, 
have  left  their  remains  in  the  coal  strata  at  Carluke,  near 
Glasgow,  and  other  localities,  and  constitute  the  genus  Megcu- 
lickthys  of  Agassiz.  The  head  is  defended  by  strong  ganoid 
plates,  of  a  beautiful  polish ;  the  trunk-scales  are  usually 
granulate  exteriorly.  In  this  genus,  as  in  the  type  of  the 
family,  the  fulcra  of  the  fin-rays  are  in  two  rows.  The  type- 
genus  SauricfUhi/s  has  the  teeth  lodged  in  an  alveolar  gix)0ve, 
as  in  the  Ichthyosaur,  the  crown  being  divided  by  a  slight 
constriction  from  the  base :  all  the  known  species  of  Saiir 
richthys  are  triassic.  S,  Umgidens  is  from  the  bone-bed  at 
Aust.  Cliff,  Bristol 

Family  VIL — Caturid^. 

Homocercal  rhombo-ganoids,  with  a  short  dorsal  fin,  and 
some  of  the  teeth  much  larger  than  the  rest,  and 
laniariform, 

GeniLS  Caturus. — In  this  genus  the  jaws  are  armed  with 
close-set,  large,  conical  teeth  ;  the  scales  are  delicate  ;  the  fins 
are  of  moderate  size ;   all  the  species  are  homocercal  and 
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notochordal  (fig.  72).  The  dorsal,  rf,  is  opposite  the  ventral,  v. 
One  species  of  Caiw^ts  {C.  Btccklandi)  is  from  the  lias ;  but 
the  majority,  like  (7.  furcatus,  are  from  the  lithographic  slates 
of  Solenhofen.  The  most  recent  known  species  (C.  mnilis)  is 
from  the  chalk  of  Kent. 

Pachycormus,  Sawrostomtis,  Sauropsis,   Thrissorwhis,    and 


Fig.  72. 
Caturus  furcatus  (Oolite,  Solenhofen). 

Eugnathus,  are  liassic  genera  of  the  present  family.  It  is 
deemed  by  some  Palaeontologists  to  be  represented  at  the 
present  day  by  the  North  American  genus  Lepidosteics ;  but 
in  this  fish  the  notochord  is  converted  into  bony  vertebml 
bodies,  united  by  ball-and-socket  joints,  and  the  tail  is  hetero- 
cercal. 

Family  VIIL — Pycnodontes. 

The  name  of  this  group  of  ganoid  fishes  refers  to  the  blunt 
rounded  form  of  the  greater  proportion  of  the  teeth,  espe- 
cially those  attached  to  the  palate  and  hind  alveolar  part 
of  the  lower  jaw  :  the  few  anterior  teeth  are  small  and 
sub-prehensile ;  but  the  whole  dentition  bespeaks  fishes 
adapted  to  feed  on  small  testaceous  and  crustaceous  animals. 
In  the  modem  **  Sea  Breams"  (Sparoids),  with  an  analogous 
dentition,  the  two  premaxillaries  oppose  the  two  premandi- 
bulars,  but  in  the  extinct  Pycnodonts  the  vomer,  as  in 
Anarkichas,  opposes  its  pavement  of  teeth  to  that  of  the  two 


IC-t  i'\i,/*:osTOi,0(;v. 

closely  approxiiimtt'd  premandibular  or  dentarv  elements  of 
the  under  jaw. 

Tlie  Pyciiodoiits  were  for  the  most  part  deeivbodied  fishes, 
syiuiuetrically  compressed  from  side  to  side.  They  were 
notocliordal ;  a  few  of  the  earlier  ibnns  were  lieterocercal,  but 
the  majority  of  the  family  were  Iiomocercal. 

The  Pijmodmit  type  waa  first  manifested  in  the  carboni- 
ferous strata  by  the  heterocercal  genus  Plali/somiLs,  and  by  the 
species  P.  parvulm,  which  has  been  found  in  that  formation 
at  Leeds :  but  this 
earliest  pycnodont 
genus  is  chiefly  re- 
presented by  Per- 
mian species,  of 
which  Plati/stnnvs 
ifihbmits  (fig.  73)  is  a 
fine  example. 

In  the  lias,  many 
Fig.  73.  beautifid  fossil  fishes 

/•(n/jwoniMjn'Mrwu.  (z«chB(einofMan>field).  gf  (Jijg  group  are 
found,  which  were  referred  by  Bronu  to  the  genua  Tclragono- 
lepis.  Sir  P.  E^erton  has  shewn  that  the  dentition  is  "  pycno- 
dont," having  a  close  resemblance  to  that  of  iftcrodus,  but 
with  the  masticatory  api>aratus  smaller  in  proportion  to  the  size 
of  the  fish.  The  scales,  moreover,  instead  of  being  articulated 
by  interloching  pegs  and  sockets,  as  in  fig.  70,  are  joined  in  a 
peculiar  way,  which  Sir  P.  Egcrton  describes  ea  follows : — 
"  Each  scale  bears  upon  its  inner  anterior  margin  a  thick  solid 
bony  rib,  extending  upwards  beyond  the  mai^in  of  the  scale, 
and  sliced  off  obliquely  above  and  below,  on  opposit*  aides, 
for  forming  splices  with  the  corresj>onding  processes  of  the 
adjoining  scales.  Tliese  splices  are  so  closely  adjusted,  that 
without  a  magnifying  ]K>wer,  or  an  accidental  dislocation,  they 
are  not  perceptible.     A\'lien  in  situ,  and  seen  internally,  these 
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continuous  lines  decussate  with  tbe  true  vertebral  apophyses, 
and  cause  the  regular  lozeuge-sliaped  pattern  so  characteristic 
of  the  pycnodont  family."* 

Genm  Pi'CNODUS, — The  type^nus  of  the  family  "is  cha- 
racterized by  the  large  size  of  the  round  flat-crowned  teeth, 
which  cover  the  broad  jaws  as  by  a  pavement  of  from  three 
to  five  rows  ;|  at  the  fore-part  of  the  jaws  are  two  or  more 
trenchant  incisive  teeth  both  above  and  below.  The  oblique 
inner  processes  of  the  scales  appear  as  distinct  dennal  ossicles 
decussating  the  neural  spines  in  the  space  between  the 
occiput  and  the  doi'sal  fin. 

This  species  of  Pyat.odus  abound  in  the  oolitic  formations 
above  the  lias  :  the  one  figured  {P.  rhamhus,  fig.  T-t)  is  fixmi  a 


F!g.  n. 
Pifcnodat  rhombui  (I'pper  Oolilen). 

calcai'eous  deposit,  so  charged  with  animal  remains  as  to  tie 
fcetid,  at  Ton-e  d'Orlando,  near  Naples,  Species  of  Pi/eruxfiDi 
(P.  cretaceous,  e.t/.)  occur  in  the  chalk  of  Kent;  and  one 
species  (  P.  toliapicus)  has  left  its  remains  in  the  eocene  clay 

•  ProceecliiigB  of  the  Gtological  Society,  May  1853,  p.  276.  TlieTO  decus- 
■stiDg  "  pleurolepidal "  linen  are,  bowever,  in  Bome  genera  confined  to  (he  RpBce 
between  the  EkuU  and  the  dorsal  tin,  an  in  Sg.  73. 

t  For  tbe  disponilion  of  these  teeth  on  the  pulale,  see  Oweu'ji  0<loiitugrapliy, 
vol.  L,  pi.  34,  figa.  1  anil  S  ;  and  for  their  microscopic  structure,  ibid,  p.  71,  pi.  33, 
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of  Slieppey.  Some  teeth  from  German  mioceiie  have  been 
referred  to  this  genus  ;  but  at  this  periotl,  if  not  at  the  earlier 
tertiary  one,  Pi/cnodus  became  extinct. 

Family  IX. — Dapedid.*:. 

Xotochordal  rhombo-ganoids,  with  front  t^etli  conical  or 
bifurcate,  back  teeth  obtuse,  vertebml  coluuni  and  side 
scales  continued  into  the  upper  lobe  of  an  almost  sym- 
metrical tail-fin. 

The  pycnodont  Tetrafforwkjm  of  Bronn  being  eliminated, 
the  lepidoid  fishes,  referred  by  Agassiz  to  that  genus,  con- 
stitute in  the  present  family  the  genus  yEchmodus^  Eg. 
These  are  distinguished  from  the  closely-resembling  genus 
DapediuSy  by  having  the  small  anterior  teeth  conical  and 
single-pointed,  instead  of  being  bifurcate ;  and  although  this 
character  is  subject  to  occasional  variations,  nevertheless,  on 
taking  a  comprehensive  view  of  these  dapedioids,  it  seems 
to  have  been  sufficiently  constant  to  warrant  the  continuance 
of  their  separation  into  the  unicuspid  {/Echmodxis)  and  bicuspid 
{Dapediics)  fronMoothed  genera. 

The  type-genus,  DapediuSy  is  a  compressed  deep-bodied 
fish,  with  a  single  dorsal,  and  a  single  series  of  fin-fulcra ;  the 
front  teeth  are  commonly  notched.  All  the  species  are  from 
liassic  strata.  Aviblyums,  with  a  similar  form,  and  also 
liassic,  has  a  very  narrow  anal,  and  a  wide  mouth  with  small 
pointed  teeth.  Semionotus  and  Pholidophorvs  are  long-bodied 
fishes,  the  species  of  which  range  from  the  lias  upwai'ds  to 
the  Purbecks  {PlwlidopJwrus  amatus)^  and  to  the  chalk  {Semi- 
mwtiis  Bergeri), 

Family  X. — LEPiDOTiDiK. 

llomocercal  rhombo-ganoids,  with  obtuse  teeth  and  well  ossi- 
fied vertebne. 
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The  type-genus  of  this  family,  L<^nt(otiis,  is  remarkable 
for  the  density  and  polish  of  ita  full-sized  imbricated  rhom- 
boid scales ;  it  has  a  short  dorsal  fin  opposite  the  anal, 
and  has  two  rows  of  fulcra  to  the  anterior  rays  of  all  the 
fins.  The  species  range  from  the  lias  to  the  chalk ;  one 
species,  indeed  (Ltpidotus  Maadmiliani),  lingers,  after  the 
commencement  of  the  tertiary  period,  in  the  "  calcaire  grossier" 
of  Paris. 

In  Nothosomus  and  Ophdopais  the  fin-fulcra  are  in  a  single 
row,  and  the  dorsal  fin  is  very  long.  Notagogvs  and  Propteni-t 
have  the  dorsal  fin  almost  cleft  into  two. 

Family  XL — Leptolepid^. 

The  Ganoids  of  this  family  are  homocei-cal,  and  have 
small  rounded  scales.     In  the  type-genus  (Leptolepie,  fig.  75), 


LeptaUpii  ^rattiformu  (Oolite,  Solanboren). 

the  scales  are  extremely  ttiin,  yet  a  fine  layer  of  ganoin 
may  be  discovered  in  tliem,  and  has  contributed  to  their 
preservation.  The  teeth  are  minute  and  ew  brosse,  with 
two  of  lai^er  size  in  front  of  the  mouth.  The  vertebra; 
are  ossified.  Species  of  Lcptolepis  range  from  the  lias 
to  the  calcareous  elates  of  Eichstadt.  Tliey  are  very  com- 
mon in  the  lithographic  slates  of  Solenliofen  and  Pappen- 
heim. 

A  transitional  step  might  be  discerned  on  the  derivative 
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hypothesis,  in  the  present  family,  to  the  soft-scaled  covering 
of  later  fishes. 

The  lepidoganoid  tyi)C  of  fish  is  not  known  to  have  existed 
earlier  than  the  Devonian  period ;  at  which,  however,  it 
already  offered  two  forms  of  the  overlapping  scales,  Dij^tems 
shewing  the  rhomboid,  and  HolopUjchius  the  rounded  form. 
Of  the  lepidoganoids  of  the  carboniferous  strata,  Palccmiiscus, 
Pygoptetuu^^  Acroleins^  Eun/noius,  Elonichthys,  PlcdrolqnSy 
Graptolcpi%  Oroynathus,  Pododus,  Acayitlcodes,  and  Dij)la2)tervs^ 
had  rhomboid  scales.  CcclacanthuSy  Isodus,  PhyllolepiSy  Hoplo- 
pyyifs,  Urmiemvs,  CoUmodns,  CcntrodnSy  Asferolqu's,  Psam- 
1 1  tost  c  us,  and  Osteojyku:,  had  rounded  scales. 

Of  the  above-named  genera,  A  croiejm,  Pyyopterus,  Palwo- 
7iu(niSy  and  Ccvlacfinthu^i^  continue  to  be  represented  in  Permian 
beds ;  in  w^hich  also  are  found  species  of  the  ganoid  genera 
I)mnjptcriu%  and  Glohnlodus,  if  the  teeth  on  which  the  latter  is 
based  be  not  those  of  Platysomus,  a  pycnodont  genus  which  is 
both  Permian  and  carboniferous. 

The  formations  of  the  mezozoic  or  secondary  periods  give 
evidence  of  the  full  development  of  the  ganoid  order.  In  the 
lowest  or  "  triassic  '*  division,  this  order  is  still  represented  by 
heterocercal  and  notochordal  species  belonging  to  some  of  the 
genera  of  the  Pemiian  period,  as,  e.g,y  Ccclacanthus,  Ambly- 
pteniSy  and  PaIcvo?iiscits.  The  genus  PlacoduSy  a  supposed 
pycnodont  fish  of  the  muschelkalk,  has  been  shewn  to  be  a 
conchivorous  Saurian. 

Of  33  genem  of  fishes  in  the  lias,  4  only  were  repre- 
sented in  older  strata,  while  the  rest  extend  into  the  upper 
oolitic  beds.  Most  of  these  are  Ganoids  with  rhomboid 
scales.  Lcptolejyis  has  rounded  scales  ;  and  this  shape  be- 
comes more  common  in  the  mezozoic  genei*a  which  appear 
later  than  the  lias,  such  as  Thrissops,  MegaluniSy  OHgopleurtis, 
etc. 


LEPIDOGANOIDEI.  1 69 

The  heterocercal  Ganoids  are  almost  completely  super- 
seded, in  the  oolitic  series,  by  homocercal  genera,  which  now, 
for  the  first  time,  appear  on  the  stage  of  life ;  but  the  ossifica- 
tion of  the  endo-skeleton  is  still  incomplete.  In  the  cretaceous 
series  the  Teleostian,  or  well-ossified,  bony  fishes,  are  nume- 
rous; and  here  also  first  are  seen  fishes  with  the  flexible 
'*  cycloid"  or  "  ctenoid"  scales,  and  of  genera  which  continue 
to  be  represented  by  living  species. 

In  the  tertiaiy  division  of  geological  time  the  ganoid  order 
rapidly  diminishes,  and  its  place  is  taken  by  fishes  with  better 
ossified  internal  skeletons,  and  with  thinner,  more  flexible,  and 
usually  soluble  scales.  The  gills  are  supported  on  bony  arches, 
and  are  protected  by  branchiostegal  rays,  and  by  an  operculum 
or  gill-cover.  The  aortic  bulb  is  provided  with  but  two  valves ; 
and  the  optic  nerves  decussate.  For  this  group,  including  the 
majority  of  existing  fishes,  and  of  those  which  made  their 
appearance  during  the  tertiary  period,  Miiller  proposed  the 
name  "  Teleostei,''  which  almost  corresponds  with  the  **  osseous 
fishes"  of  Cuvier.  The  difference  of  shape  of  scale  seems  not 
to  have  been  more  significative  of  ordinal  distinction  in  the 
fishes  with  flexible  or  horny,  than  in  those  with  hard 
enamelled  scales;  the  toothed  border,  or  "ctenoid"  type,  of 
the  soft  scale  may  serve,  however,  like  the  even  border  or 
"cycloid"  type,  to  characterize  minor  groups  of  the  better 
defined  orders  of  soft-scaled  fishes. 

Order  IV.— ACAITTHOPTERL 

Char. — ^Endo-skeleton  ossified;  fins  with  one  or  more  of  the 
fiast  rays  unjointed  or  inflexible  spines ;  ventrals  in  most 
beneath  or  in  advance  of  the  pectorals ;  swim-bladder 
without  air-duct. 
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S'll'-Order  1.— CTE>'^OIDEL 

Exo-skelctoii  as  ctenoid  scales  (fig.  70). 

This  sub-oixier  includes  the  existing  families  of  the  perch, 
the  bream,  the  gurnard,  and  the  chci'todont ;  it  will  here 
suftii'e  to  exemplify  it  hy  two  genera,  both  of  which  are 
extinct  One 
ophorus) 
to   tlie 


•^  clusively  by  spe- 
cies peculiar  to 
the  tertiary  de- 
posits at  Monte 
Bolca.  Itisclm- 
pj    77  racterized  by  tl  le 

tiemiophemt  velkaru  (Moiii«  WAmv).  extreme    height 

or  prolongation  of  the  anterior  part  of  the  doT3al  fin,  i),  and 
for  the  correlated  elongation  of  the  slender-pointed  ventral 
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fiu3.  The  anal  fin,  a,  is  much  shorter  than  the  doreaL  Owing 
to  the  soluble  nature  of  the  scales,  and  to  tlie  well-ossified 
skeleton,  the  fossils  of  this,  as  of  most  other  tertiary  fishes, 
are  exemplified  by  the  vertebral  column  and  skidl  more  than 
by  the  skin. 

Oenus  Smerdis. — The  species   composing  this  genus  ai-e 
of  small  size,  and  are  chiefly  met  with  in  the  tertiary  ich- 


Fig.  78, 
SmtrdU  minultu  (Gypsum  of  ProreDce), 

thyoUte  beds  of  Monte  Bolca;  but  some  (e.^.,  the  Smerdis 
minutm,  fig.  78)  are  from  eocene  deposits  in  France.  In  all 
the  species  the  first  suborbital  or  lacrymal  bone  is  strongly 
dentate,  as  is  also  the  preoperculmn ;  but  this  has  no  spine 
at  the  angle.  The  operculum  terminates  beliiud  by  a  rounded 
pTOminence.  There  are  two  dorsals.  The  scales  are  minute, 
but  are  occasionally  preserved. 


Sub-Order  2.— CYCLOIDEI. 

This  sub-order  includes  the  teleostian  fishes  with  undivided 
and  unjointed  spines  at  the  fore  part  of  the  dorsal,  and  with 
smooth  flexible  circular  or  elliptical  scales  (fig.  79).  It  is  not 
represented  by  any  species  of  older  date  tlian  the  cri'taceous 
epoch;  an<l  both  here  and  in  the  eocene  tertiaries  by  ex- 
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tiiict  species,  mostly  of  extinct  genera.    It  is 
richly  represented  at  the  pre- 
sent  day   by  the    Sj)hyrenoid, 
Scomberoid,      and       Xiphioid 
families. 

There  are  two  kinds  of  ex- 
isting sword-fish,  Xiphins  and 
Histiophorus ;    in    the    former 
the  sword-like  prolongation  of  ScalesofaScom 
the  confluent  premaxillaries  is     ^'""'^  ^'^^' 
flattened,  in  the  latter  it  is  rounded. 

Fossil  remains  of  a  rounded  rapier-like 
"  sword,**  but  nmch  longer  and  moi-e  slender 
than  in  the  existing  Hv>ti(q)horiL.%  have  been 
found  in  the  eocene  clay  at  Sheppey  and 
Bmcklesham.  They  are  referix^d  to  an  ex- 
tinct genus  of  the  xiphioid  family  by  Agassiz, 
called  Cccla?'hi/nchus,  or  "  hollow  beak."  The 
most  perfect  specimen  hitherto  found  is 
figured  in  fig.  80,  of  half  the  natuml  size.  It 
forms  part  of  the  instructive  collection  of 
Captain  Le  Hon  at  Brussels.  The  upper 
transverse  section  shews  the  single  cavity  at 
the  middle  of  the  rostrum  ;  and  the  lower 
section  shews  the  double  or  divided  cavity 
near  its  basa 

Order  V.— ANACANTHmi. 

(7/wir. — Endo-skeleton  ossified  ;  exo-skeleton 
in  some  as  cycloid,  in  others  as  ctenoid 
scales ;  fins  supported  by  flexible  or 
jointed  rays ;  ventrals  beneath  the 
pectorals,  or  none ;  swim-bladder  with- 
out air-duct. 


ANACANTHINI. 


Famii.v. — Gadid*:. 


The  type-family  of  this  order  is  that  which  includes  tlie 
cod-fish,  haddock,  and  other  species  of  the  Liiiii.TaD  Gailns. 
The  Merlintm  crUtatus  and  RhinocepJialus  planicfjm  of  the 
LoudoQ  clay,  are  the  oldest  known  foruis  of  the  family ;  the 
true  cod-fish  (Mt»^hua),  is  not  known  to  have  existed  before 
the  present  (human)  period. 

Family. — Pleubonectid*. 

(Flal-Fisfiea.) 

In  this  family  the  symmetrical  form  is  lost,  and  both  eyes 

are  on  one  side  of  the  head.     Species  of  still  existing  genera 

of  this  much-modified  family  have   been  found  in  tertiary 

deposits.     The  little  turbot  {Rhomhua  mmimits,  e.g.,  fig.  81) 


Fig.  SI. 

Rhomhul  minimiu  (Monte  Bolca). 

occurs  in  the  tertiary  deposits  of  Monte  Bolca.  An  equally 
extinct  species  of  sole  (Solea  antiqua)  has  been  found  in  ter- 
tiary marls  near  TJlm. 

Order  VI.— MALACOFTERI. 
C/ufr. — Endo-skeleton  ossified  ;  exo-skeleton  as  cycloid  scales  ; 
fins  supported  by  rays,  all  of  which,  save  the  first  in 
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tlie  doi^al  and  pectoral  of  some  kinds,  are  soft  or 
jointed  ;  the  malacopterans  are  abdominal  or  apodal, 
have  free  operculated  gills,  and  the  s\vim-bladder  has 
an  air-duct 

Tlie  caqi,  pike,  herring,  salmon,  eel,  exemplify  tliis  order, 
but  the  S})ecies  of  all  these  genera  which  have  left  their 
remains  in  tertiaiy  stmta — and  none  of  them  are  older — are 
distinct  from  the  existing  kinds. 

The  Ganoids  in  these  formations  are  reduced  to  the  genera 
Lcpidosteibs  and  Acipenser ;  but  may  have  been  represented 
l)y  the  palates  with  crushing  teeth,  from  the  Sheppey  clay,  to 
which  the  names  Pisodus*  and  Phyllodus'\  have  been  given. 

With  respect  to  the  fishes  of  the  tertiary  period,  "  they 
are  so  nearly  related,"  says  Agassiz,  "  to  existing  forms,  that 
it  is  often  difficult,  considering  the  enormous  number  (above 
8000)  of  living  species,  and  the  imperfect  state  of  preservation 
of  the  fossils,  to  determine  exactly  their  specific  relations. 
In  general  I  may  say  that  I  have  not  yet  found  a  single 
species  which  was  perfectly  identical  with  any  marine  exist- 
ing fish,  except  the  little  Capelin  {Mallotus  villosus\  which 
is  found  in  the  nodules  of  clay  of  unknown  geological  age  in 
Greenland.''  These  nodules  are  mostly  veiy  recent,  and  ex- 
emplify the  operation  of  the  dissolving  soft  parts  of  the  fish 
in  consolidating  the  surrounding  matrix. 

No  class  of  animals  is  more  valuable  in  its  application  to 
the  great  point  mooted  by  Uniformitarians  and  Progressionists 
than  that  of  fishes ;  for  their  testimony  is  exempt  from  the 
objection  on  the  score  of  the  defective  nature  of  negative  evi- 
dence, to  which  the  Progressionists'  conclusions  from  the 
known  genetic  history  of  air-breathing  animals  may  be  open. 
It  is  true  that  many  creatures  living  on  land  are  never  carried 
out  to  sea ;  but  marine  deposits  may  be  expect<3d  to  yield 

•  See  Owen's  Odontography,  p.  138,  pi.  47,  fig.  3. 
t  Ibid.,  p.  139,  pi.  47,  figs.  1  and  2. 
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adequate  grounds  for  determining  the  general  character  and 
grade  of  the  vertebrate  animals  that  swarmed  in  the  seas 
precipitating  such  deposits. 

We  cannot,  from  present  knowledge,  assign  to  any  past 
period  of  the  earth's  history  a  characteristic  derived  from  a 
fuller  and  more  varied  development  of  the  entire  class  of 
fishes  than  has  since  been  manifested,  nor  predicate  of  the 
present  state  of  the  class  that  it  has  degenerated  in  regard 
either  to  the  number,  bulk,  powers,  or  range  of  modifications 
of  the  piscine  type.  A  retrospect  of  the  genetic  history  of 
fishes  imparts  an  idea  rather  of  mutation  than  of  progression, 
to  which  the  class  has  been  subject  in  the  course  of  geolo- 
gical time.  Certain  groups,  now  on  the  wane,  have  formerly 
existed  in  plenary  development ;  as,  e,g.y  the  ganoid  order  in 
the  mezozoic  period,  and  the  cestraciont  form  of  Plagiostomes 
in  both  palaeozoic  and  mezozoic  times. 

As  to  the  variety  of  the  forms  of  fishes,  seeing  that  the 
earth  yields  no  indisputable  evidence  of  Ctenoids  or  Cycloids 
anterior  to  the  cretaceous  epoch,  yet  still  retains  living  repre- 
sentatives of  both  Ganoids  and  Placoids,  the  present  might 
appear  to  be  the  culminating  period  in  the  development  of 
fishes,  in  respect  of  the  number  of  ordinal  forms  or  modifica- 
tions of  the  class.  It  represents,  however,  rather  the  results 
of  mutation,  depending,  upon  the  progressive  fissumption  of  a 
more  special  type,  and  the  Scomberoids  seem  now  to  be  at  the 
head  of  the  piscine  modification  of  the  vertebrate  series.  But 
as  the  retention  of  general  vertebrate  characters,  in  the  earlier 
forms  of  fishes,  implies  closer  affinity  with  the  air-breathing 
cold-blooded  class,  so  a  higher  character  of  organization  may 
be  predicated  of  the  palaeozoic  Placoids  and  Ganoids  than  of 
the  Ctenoids  and  Cycloids  forming  the  great  bulk  of  the  class 
at  the  present  day.  The  comparative  anatomist  dissecting  a 
shark,  a  Polypterus,  or  a  Lepidosteus,  would  point  to  the 
stnictures  of  the  brain,  heart,  generative  organs,  and  in  the  last 
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two  genera  to  the  air  bladder  and  duct,  as  being  of  a  more 
reptilian  character  than  the  corresponding  parts  would  present 
in  most  other  fishes.  But  the  paLi?ontologist  would  point  to 
the  persistent  notochord,  and  to  the  heterocercal  tail  in 
palaeozoic  and  many  mezozoic  fishes,  as  evidence  of  an  "  arrest 
of  development,"  or  of  a  retention  of  embryonic  characters  in 
those  primaeval  fishes. 

One  other  conclusion  may  be  drawn  from  a  retrospect  of 
the  mutations  in  the  forms  of  the  fishes  at  different  epoclis  of 
the  earth's  history, — viz.,  that  those  species,  such  as  the 
nutritious  cod,  the  savoury  herring,  the  rich-flavoured  salmon, 
and  the  succulent  tui'bot,  have  greatly  predominated  at  the 
period  immediately  preceding  and  accompanying  the  advent 
of  man  ;  and  that  they  have  superseded  species  which,  to 
judge  by  the  gristly  sharks  and  bony  Garpikes  (Lepidost&us), 
were  much  less  fitted  to  afford  mankind  a  sapid  and  whole- 
some food 
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In  entering  upon  the  genetic  history  of  the  class  of 
reptiles,  we  have  to  inquire,  as  in  that  of  fishes,  at  what  period 
of  the  earth's  history  the  class  was  introduced,  and  under 
what  forms ;  at  what  period  it  attained  its  plenary  develop- 
ment, in  regard  to  the  size,  grade  of  structure,  number  and 
diversities  of  its  representatives  ;  and  the  relations  which 
the  existing  members  of  the  class  bear  to  its  past  condition. 
Fifteen  years  ago,  the  oldest  knowm  reptilian  remains  were 
those  of  the  so-called  "  Thuringian  Monitor,"  from  the  Permian 
copper-slates  of  Germany.  Since  that  time  the  batrachian 
Apateon,  or  Archegosaunis  has  been  discovered  in  a  Bavarian 
coal-field  ;  and  footprints  in  carboniferous  sandstones  of 
North  America  have  borne  testimony  to  the  fact,  if  not  the 

*  Gr.,  IchnoB  a  footstep,  logos  a  discourse. 
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commencement,  of  reptiKan  existence  at  that  period  of  the 
earth's  history :  for,  air-breathing  ambulatory  animals  may 
leave  other  evidence  of  their  former  presence  upon  earth  than 
their  fossilized  remains. 

There  are  several  circumstances  under  which  impressions 
made  on  a  part  of  the  earth's  surface,  soft  enough  to  admit 
them,  may  be  preserved  after  the  impressing  body  has  perished. 
When  a  shell  sinks  into  sand  or  mud,  which  in  course  of  time 
becomes  hardened  into  stone,  and  when  the  shell  is  removed 
by  any  solvent  that  may  have  filtered  through  the  matrix,  its 
place  may  become  occupied  by  crystalline  or  other  mineml 
matter  and  the  evidence  of  the  shell  be  thus  preserved  by  a 
cast,  for  which  the  cavity  made  by  the  shell  has  served  as  a 
mould.  If  the  shell  has  sunk  with  its  animal  within  it,  the 
plastic  matrix  may  enter  the  dwelling-chamber  as  far  as  the 
retracted  soft  parts  will  permit ;  and  as  these  slowly  melt 
away,  their  place  may  become  occupied  by  deposits  of  matter 
that  had  been  held  in  solution  by  water  percolating  the 
matrix,  and  such,  usually  crystalline,  deposit  may  receive  and 
retain  some  colour  from  the  soft  parts  of  which  it  thus 
becomes  the  substitute. 

Evidences  of  soft-bodied  animals,  such  as  Actiniae  and 
MeduscBy  and  of  the  excremental  droppings  of  higher  animals, 
have  been  thus  preserved.  Fossil  remains,  as  they  are  called, 
of  soft  plants,  such  as  sea-weeds,  reeds,  calamites,  and  tlie  like, 
are  usually  casts  in  matrix  made  naturally  after  the  plant 
itself  has  wholly  perished. 

Even  where  the  impressing  force  or  body  has  been  removed 
directly  or  shortly  after  it  has  made  the  pressure,  evidence  of 
it  may  be  preserved.  A  superficial  film  of  clay,  tenacious 
enough  to  resist  the  escape  of  a  bubble  of  gas,  may  retain, 
when  petrified,  the  circular  trace  left  by  the  collapse  of  the 
burst  vesicle.  The  lightning  flash  records  its  course  by  the 
vitrified  tube  it  may  have  constructed  out  of  the  sandy  par- 
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tides  melted  in  its  swift  passage  through  the  earth.  The 
liailstoue,  the  ripple  wave,  the  rain-drop,  even  the  wind  that 
bore  the  drops  along  and  drove  them  slanting  on  the  sand, 
have  been  refjistered  in  casts  of  the  cavities  which  thev 
originally  made  on  the  soft  sea-beach ;  and  the  evidence  of 
these  and  other  meteoric  actions,  as  sun-cracks  and  frost- 
marks,  so  written  on  imperishable  stone,  have  come  down  to 
us  from  times  incalculably  remote.  Eveiy  form  of  animal 
that,  WTithing,  crawling,  walking,  running,  hopping,  or  leap- 
ing, could  leave  a  track,  depression,  or  foot-print,  behind  it, 
might  thereby  leave  similar  lasting  evidence  of  its  existence, 
and  also  to  some  extent  of  its  nature. 

The  interpretation  of  such  evidences  of  ancient  life  has 
much  exercised  the  sagacity  of  naturalists  since  Dr.  Duncan, 
in  1 828,  first  inferred  the  existence  of  tortoises  at  the  period 
of  the  deposition  of  certain  sandstones  in  Dumfriesshire,  from 
the  impressions  left  on  those  sandstones,  and  the  casts  after- 
wards formed  in  those  impressions.  Tlie  interpreting  faculty 
has  been  still  more  racked  by  similar  evidences  of  more  extra- 
ordinary footprints  (fig.  83),  probably  of  large  batrachian 
reptiles,  first  noticed  in  1834  at  Ilildberghausen  in  Saxony,  in 
sandstones  of  the  same  geological  age  as  those  in  Scotland. 

The  vast  number  and  variety  of  such  impressions,  due 
either  to  physical  or  meteoric  forces,  to  dead  organic  bodies, 
parts  or  products,  or  to  the  transitory  actions  of  living  beings, 
have  at  length  raised  up  a  distinct  branch  of  palseontological 
research,  to  which  the  term  "  Ichnology"  has  been  given. 

In  this  class  of  evidences  the  impressions  called  **  protich- 
nites"*  (fig.  82),  left  upon  the  "Potsdam  sandstones ''t  of  the 
older  Silurian  age  in  Canada,  are  the  most  ancient ;  but  the 

*  See  Owen,  '*  DcBcription  of  the  Impressions  and  Footprints  of  the  Prot- 
ichnites  from  the  Potsdam  Sandstone  of  Canada,"  Quarterly  Journal  of  the 
rjoolopical  Society,  1852,  p.  214. 

f  liopjan,  ibid.  p.  2. 
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footprints  of  birds  surpass  all  others  in  regard  to  their  num- 
ber, distinctness,  and  variety  of  sorts. 

But  how,  it  may  be  asked,  are  such  footprints  preserv^ed  ? 
A  common  mode  may  be  witnessed  daily  on  those  shores 
where  the  tide  runs  high,  and  the  sea-bottom  is  well-adapted 
to  receive  and  retain  the  impressions  made  upon  it  at  low- 
water. 

Dr.  Gould  of  Boston,  U.S.,  first  called  the  attention  of  natu- 
ralists to  this  interesting  operation  on  the  shores  of  the  Bay  of 
Fundy,  where  the  tide  is  said  to  rise  in  some  places  seventy 
feet  in  height.  The  particles  deposited  by  that  immense  tidal 
wave  are  derived  from  the  destruction  of  previously  existing 
rocks,  and  consist  of  silicious  (flinty)  and  micaceous  (talcky) 
particles,  cemented  together  by  calcareous  (limy)  or  argillaceous 
(clayey)  paste,  containing  salts  of  soda,  especially  the  muriate 
(common  salt),  and  coloured  with  various  shades  of  the  oxide  or 
rustof  iron, of  which  the  red  oxide  predominates.  The  perfection 
of  the  surface  for  receiving  and  retaining  an  impression  depends 
much  upon  the  micaceous  element.  Vast  are  the  numbers  of 
wading  and  sea  birds  that  course  to  and  fro  over  the  extensive 
tract  of  plastic  red  surface  left  dry  by  the  far  retreat  of  the 
tide  in  the  Bay  of  Fundy.  During  the  period  that  elapses 
between  one  spring  tide  and  the  next,  the  highest  part  of  the 
tidal  deposit  is  exposed  long  enough  to  receive  and  retain  many 
impressions  ;  even  during  the  hours  of  hot  sunshine,  to  which, 
in  the  summer  months,  this  so-trodden  tract  is  left  exposed, 
the  layer  last  deposited  becomes  baked  hard  and  dry,  and 
before  the  returning  tidal  wave,  turbid  with  the  same  commi- 
nuted materials  of  a  second  stratum,  hfis  power  to  break  up 
the  preceding  one,  the  impressions  left  on  that  stratum  have 
received  the  deposit.  A  cast  is  thus  taken  of  the  mould  pre- 
viously made,  and  the  sediment  superimposed  by  each  suc- 
ceeding tide,  tends  more  and  more  surely  to  fix  it  in  its  place. 
Then,  let  ages  pass  away,  and  the  petrifying  influences  conso- 


1 80  PALAEONTOLOGY. 

lidate  the  sand  layers  into  a  fissile  rock  :  it  will  split  in  the 
way  it  was  formed,  and  the  cleavage  will  expose  the  old  moulds 
on  one  surface  and  the  casts  on  the  other. 

Another  condition  for  fixing  the  impressions  on  a  sandy 
shore  is  the  following : — "When  an  extensive  level  tract  is 
left  dry  by  the  retreating  tide,  as  at  the  estuary  of  the  small 
rivers  entering  the  Bay  of  Morecambe,  on  the  Lancashire  coast, 
those  rivers  occasionally  overflow  the  sands  at  low-water, 
and  deposit  in  the  footprints  made  previous  to  such  overflow 
the  fine  mud  which  sudden  heavy  rains  have  brought  down 
from  the  surrounding  hills.  Again,  those  sudden  "  freshets," 
as  they  are  locally  called,  sometimes  as  quickly  subside,  and 
a  thin  layer  of  argillaceous  mud  is  left  on  the  sand.  This 
layer  readily  receives  the  footprints  of  the  many  birds  that 
couree  over  the  flat  expanse,  and  may  become  hard  enough  to 
retain  them  when  the  tide  returns  and  deposits  in  such  footr 
prints  a  layer  of  the  fine  sand  which  the  rising  waters  hold 
in  suspension. 

The  best-defined  footprints  in  the  new  red  sandstone 
quarries  at  Stourton,  on  the  Cheshire  coast,  are  found  where 
strata  of  sandstone  are  separated  by  a  thin  layer  of  argil- 
laceous stone,  which,  when  exposed,  soon  breaks  up  and 
crumbles  away.  This  layer  has,  however,  received  the  im- 
pressions when  it  was  plastic,  and  the  superincumbent  deposit 
of  sandstone  retains  those  impressions  in  relief  upon  its  under 
surface.  The  conditions  producing  an  interposition  of  a  thin 
layer  of  claystone  between  thicker  beds  of  sandstone,  which 
the  writer  has  witnessed  in  the  Bay  of  Morecambe,  explain 
the  formation  and  the  preservation  of  the  best  "  ichnites"  of 
the  labyrinthodont  and  other  reptiles  in  the  new  red  sandstone 
of  Stourton. 

There  is  a  third  condition  imder  which  impressions,  and 
casts  of  impressions,  on  a  sandy  beach  may  be  preserved.  On 
a  dry  windy  day  clouds  of  fine  sand  are  drifted  along  the  sur- 
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face  exposed  at  low-water,  are  spread  lightly  over  all  its  little 
inequalities,  and  fill  up  every  impression  that  may  have  been 
made  on  it  since  it  was  left  bare  by  the  retreating  waves.  On 
the  return  of  the  tide,  the  fine  sand  filling  the  impressions  is 
moistened,  and  more  wet  fine  sand  is  added  to  it ;  and  a  cast 
is  thus  fixed  in  the  moulds,  to  be  more  and  more  firmly  fixed 
by  each  deposition  from  successive  tidal  waves. 

Thus  may  be  witnessed  the  actual  circumstances  daily 
occurring  that  tend  to  preserve  footprints  and  other  im- 
pressions made  on  the  sea-shore,  and  which  have  operated 
in  past  time  to  similarly  preserve  the  impressions  then 
made  on  tracts  alternately  exposed  and  covered  by  the  tidal 
wave.  The  merit  of  having  first  discerned  the  nature  and 
cause  of  the  numerous  small  hemispheric  pits  and  tuber- 
cular casts  in  relief  on  the  surface  of  certain  sandstone  slabs, 
is  due  to  John  Cunningham,  Esq.  F.G.S.,  architect,  of  Liver- 
pool* Since  that  light  was  thrown  on  their  nature,  they 
have  been  recognized  under  various  modifications,  as  impres- 
sions of  soft  rain,  of  the  big-dropped  thunder-shower,  of  rain 
driven  obliquely  by  the  gale,  and  making  impressions  with 
the  side  of  the  cup  highest  opposite  the  point  whence  the 
wind  blew,  of  frozen  rain  or  hail,  etc.  Dr.  Dean,  in  1845, 
after  witnessing  the  first  exposure  and  raising  of  the  red 
sand  slabs,  near  Greenfield,  Mass.,  U.  S.,  writes,  **  They  were 
characters  fresh  as  upon  the  morning  when  they  were  im- 
pressed ;  *  on  that  morning  gentle  showers  watered  the  earth,'" 
etc.  Whenever  a  stratum  is  proved  to  be  a  "  sedimentary'* 
one — i  e,  to  be  due  to  the  precipitation  of  its  constituent 
particles  from  water,  in  which  they  had  been  previously  sus- 
pended— we  have  evidence  of  some  expanse  of  water, — proof, 
in  fact,  of  the  existence  of  that  element,  with  all  its  properties 

*  Commanicated  by  Dr.  Buckland  to  the  meeting  of  the  British  Association 
at  Newcastle,  1838;  and  subsequently  by  Mr.  Cunningham  to  the  Geol.  Soc. 
(Proc.  of  the  Geol.  Soc.  vol.  iii.  1839,  p.  99). 
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of  coudensation  by  cold,  and  expansion  and  vaporization  by 
heat  and  exposure.  Evaporation  makes  the  raw  material  of 
rain.  No  wonder,  then,  that  impressions  of  rain-drops  should 
be  seen  on  the  oldest  sedimentary  rocks.  Conditions  are  co- 
ordinated in  meteoric  as  in  organic  phenomena ;  one  being 
given,  the  rest  may  be  deduced. 

The  oldest  rocks  in  which  rain-drop  impressions  have 
been  observed  are  those  of  the  Cambrian  age  at  Longmynd, 
Wales.*  Many  of  the  micacious  flags  of  the  same  forma- 
tion are  covered  with  ripple,  or  current  marks.  They  shew 
borings  of  worms,  and  a  trace  of  a  trilobite  {Palcvopyge) 
nearly  allied  to  the  Dikdoccphxiliis — the  oldest  known  trilo- 
bite of  America  (Lower  Silurian  or  Cambrian  at  St  Croix, 
Minnesota). 

It  is  in  *'  Potsdam  sandstones"  of  the  same  geological  anti- 
quity that  the  impressions  have  been  discovered  which  the 
writer  has  interpreted  to  be  those  of  a  large  entomostracoiis 
Crustacean  ;t  in  evidence  of  which  the  following  sample,  appli- 
cable to  a  single  species,  may  be  given,  in  illustration  of  the 
ichnologist's  mode  of  work. 

Protichnites  septem-iiotatvs  (fig.  82). 

The  subject  so  named  consists  of  a  series  of  well-defined 
impressions,  continued  in  regular  succession  along  an  extent 
of  4  feet ;  and  traceable  with  an  inferior  degree  of  definition 
along  a  further  extent  of  upwards  of  2  feet. 

In  the  extent  of  4  feet  there  are  thirty  successive  groups 
of  footprints  on  each  side  of  a  median  furrow,  which  is  alter- 
nately deep  and  shallow  along  pretty  regular  spaces  of  about 
2i  inches  in  extent.  The  number  of  prints  is  not  the  same 
in  each  group ;  where  they  are  best  marked,  as  in  fig.  82,  1  L, 
we  see  3  prints  in  one  group,  a,  a',  a",  2  pidnts  in  the  next,  &, 

«  Salter,  Quar.  Jour,  of  the  Geol.  Soc,  vol.  xii.,  1866,  p.  250,  pi.  iv.,  fig.  4. 
t  lb.,  vol.  viii.,  p.  214,  1852. 
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h\  and  2  in  the  tliird,  c,  c\  which  is  followed  by  a  repetition  of 
the  group  of  3  prints,  a,  a\  a\  making  the  numbers  in  the 
three  successive  groups,  3,  2,  2  ;  the  three  groups  of  impres- 
sions being  recognizably  repeated  in  succession  along  the  whole 
series  of  tracks  on  both  sides  of  the  median  groove. 


B^ig.  82. 
Protichnites  l-notatus  (Cambrian). 

The  principal  footprints  are  disposed  in  pairs,  placed  with 
different  degrees  of  obliquity,  in  each  of  the  three  groups 
towards  the  median  track  ;  the  innermost  print  in  the  second, 
B,  and  third,  C,  pairs,  which  are  best  marked,  being  usually 
rather  more  than  half  the  size  of  the  outer  print,  V  and  c\ 

The  two  footprints  of  the  same  pair  are  a  little,  further 
apart  from  each  other,  in  the  three  succeeding  pairs,  as  at  a\ 
(t'y  by  h\  r,  r',  especially  in  the  second  and  third  gi*oups  of  each 
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s(»t ;  the  two  forming  the  pair  a\  a'',  again  approximating  in 
the  next  series,  and  the  pairs  &,  V  and  c,  c\  divei^ing  in  the 
same  direction  and  degree  ;  and  this  alternate  approximation 
and  divergence  is  repeated  throughout  the  entire  series  of  the 
present  ti-acks. 

But  what  strikes  the  ichnologist,  heretofore  conversant 
chiefly  with  tlie  footprints  of  bipeds  or  quadrupeds,  is  the 
occurrence  in  the  present  series  of  the  third  impression  a, 
which  complicates  the  most  approximated  i)air  A,  being  placed 
in  front  and  a  little  to  the  inner  side  of  the  hindmost  impres- 
sion, (('\  of  that  pair.  The  superadded  impression,  a,  is  about 
the  same  size  as  the  innermost  in  each  pair,  the  average 
diameter  of  that  impression  being  5  lines. 

Taking  this  view  of  the  impressions,  it  appears  that  whilst 
the  innermost  in  each  pair,  a\  h,  r,  are  of  equal  size,  the  outer- 
most, a^  b',  c\  1  L,  progressively  increase  in  size,  from  the  most 
approximated  to  the  most  divergent  of  the  three  paira  ;  that 
of  the  first,  a*,  being  narrow  in  proportion  to  its  length,  that 
of  the  second,  b\  as  broad  as  long,  and  the  outermost,  c\  c",  of 
the  tliird  pair  being  oblong,  but  larger  than  that  in  the  first 
pair.  In  some  places  where  the  most  approximated  pair  of 
impressions,  a\  a'*y  are  deeply  marked,  they  are  complicated  by 
a  fourth  shallow  and  very  small  pit,  a*',  2  L,  midway  between 
the  third,  a,  and  the  outermost,  a"^  of  the  pair  of  impressions. 

There  are  no  clear  or  unequivocal  marks  of  toes  or  nails  on 
any  of  the  impressions  which  form  the  lateral  pairs  or  triplets. 
Their  margins  ai-e  not  sharply  defined,  but  are  rounded  off,  and 
sink  gi-adually  to  the  deepest  part,  which  is  a  little  behind  the 
middle  of  the  depression.  There  is  a  slight  variation  iu  the 
form  and  depth  of  the  answerable  impressions,  but  not  such 
as  to  pi-event  their  correspondence  being  readily  appreciable 
through  the  extent  of  the  track  here  described ;  that  is  to  aify, 
the  innermost  of  each  of  the  three  pairs  here  described  as  first, 
A,  second,  1\  and  third,  C,  mav  be  identified  wuth  the  corres- 
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ponding  innermost  impression  on  the  opposite  side,  and  with 
the  same  impression  of  the  same  pair  in  the  thi'ee  preceding 
and  the  three  succeeding  pairs. 

The  impressions  selected  for  fig.  82  clearly  demonstrate 
that  the  animal,  progressing  in  an  undulating  course,  made  at 
each  action  of  its  locomotive  members,  answering  to  the  single 
step  of  the  biped  and  the  double  step  of  the  quadruped,  not 
fewer  than,  in  Protichnites  ^-notatm,  fourteen  impressions, 
seven  on  the  right  and  seven  on  the  left;  and  in  Protichnites 
S-^notatus,  sixteen  impressions,  eight  on  the  right  and  eight  on 
the  left ;  these  seven  and  eight  impressions  respectively  being 
arranged  in  three  groups — ^viz.,  in  Protichnites  7'notatuSy  three, 
two,  and  two ;  in  Protichnites  S-notcUvSy  three,  two,  and  three 
— the  groups  being  re-impressed,  in  successive  series,  so 
similarly  and  so  regularly  as  to  admit  of  no  doubt  that  they 
were  made  by  repeated  applications  of  the  same  impressing 
instruments,  capable  of  being  moved  so  far  in  advance  as  to 
clear  the  previous  impressions,  and  make  a  series  of  new  ones 
at  the  same  distance  from  them  as  the  sets  of  impressions  in 
the  series  are  from  each  other. 

What  then  was  the  nature  of  these  instruments?  To 
this  three  replies  may  be  given,  or  hypotheses  suggested  : — 
They  were  made  either,  first,  as  in  the  case  of  quadru- 
pedal impressions,  each  by  his  own  limb,  which  would  give 
seven  and  eight  pairs  of  limbs  to  the  two  species  respec- 
tively; or,  secondly,  certain  pairs  of  the  limbs  were  bifur- 
cate, as  in  some  insects  and  crustaceans,  another  pair  or  pairs 
being  trifurcate  at  their  extremities ;  and  each  group  of  im- 
pressions was  made  by  a  single  so  subdivided  limb,  in  which 
case  we  have  evidence  of  a  remarkably  broad  and  short,  and, 
as  regards  ambulatory  legs,  hexapod  creature ;  or,  tliirdly,  three 
pairs  of  limbs  were  bifurcate,  and  the  supplementary  pits  were 
made  by  small  superadded  limbs,  as  in  some  crustcweans ;  or, 
fourthly,  a  single  broad  fin-like  member,  divided  at  its  impress- 
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iug  border  into  seven  or  into  eight  obtuse  points,  so  arranged 
as  to  leave  tlie  definite  pattern  described,  must  have  made  the 
series  of  three  groups  by  successive  ai)plications  to  the  sand. 

The  latter  hypothesis  appears  to  be  the  least  probable, — 
first,  as  being  most  remote  from  any  known  analogy;  and, 
secondly,  because  there  are  occasional  varieties  in  the  gi*oups 
of  footprints  which  would  liardly  accoitl  with  impressions  left 
by  one  definitely  subdivided  instrument  or  member.  Thus  in 
the  group  of  impressions  marked  1  L  in  fig.  82,  the  outer 
impression,  c\  is  single,  but  in  the  preceding  set  it  is  divided ; 
whilst  the  im])ressions,  a,  a',  are  confluent  in  that  set,  and  are 
separate  in  1  L.  The  same  variety  occurs  in  the  outer  pair, 
c',  c\  in  Proticlmites  S-notatus. 

Yet,  with  respect  to  the  hypothesis  that  each  impression 
was  made  by  its  own  independent  limb,  there  is  much  diffi- 
culty in  conceiving  how  seven  or  eight  pairs  of  jointed  limbs 
could  be  aggi'egated  in  so  short  a  space  of  the  sides  of  one 
animal.  So  that  the  most  pix)bable  conception  is,  tliat  the 
creatures  which  have  left  these  tracks  and  impressions  on  the 
most  ancient  of  known  sea-shores  belonged  to  a  crustaceous 
genus,  either  with  three  pairs  of  limbs  employed  in  locomotion, 
and  severally  divided  to  accord  with  the  number  of  prints  in 
each  of  the  three  groups,  or  bifurcated  merely,  the  supplemen- 
tary and  usually  smaller  impressions  being  made  by  a  small 
and  simple  fourth,  or  fourth  and  fifth  pair  of  extremities. 

The  great  entomostracous  king-crab  {Limulus)  which  has 
the  small  anterior  pair  of  limbs  near  the  middle  Une,  and  the 
next  four  lateral  pairs  of  limbs  bifurcate  at  the  free  extremity, 
the  last  pair  of  lateral  limbs  with  four  lamelliform  appendages, 
and  a  long  and  slender  hard  tail,  comes  nearest  to  the  above 
idea  of  the  kind  of  animal  which  has  left  the  impressions  on 
the  Potsdam  sandstone. 

The  shape  of  the  pits,  so  clearly  shewn  in  the  ice-rubbed 
slabs,  impressed  by  Protichnites  H-7iofohis,  accords  best  with 
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the  hard,  subobtuse,  and  subangular  terminations  of  a  crusta- 
ceous  ambulatory  limb,  such  as  may  be  seen  in  the  blunted 
legs  of  a  large  Palinurus  or  Birgus;  and  it  is  evident  that  the 
animal  of  the  Potsdam  sandstone  moved  directly  forwards  after 
the  manner  of  the  Macroura  and  XipJiosura,  and  not  sideways, 
like  the  brachyurous  Crustaceans. 

The  appearances  in  the  slab  impressed  by  the  Protichnites 
mvlti-Twiatus  favour  the  view  of  the  median  track  having  been 
formed  by  a  caudal  appendage,  rather  than  by  a  prominent 
part  of  the  under  surface  of  the  trunk. 

The  imagination  is  baffled  in  the  attempt  to  realize  the 
extent  of  time  past  since  the  period  when  the  creatures  were 
in  being  that  moved  upon  the  sandy  shores  of  that  most 
ancient  Silurian  sea;  and  we  know  that,  with  the  exception 
of  certain  microscopic  forms  of  life,  aU  the  actual  species  of 
animals  came  into  being  at  a  period  geologically  very  recent 
in  comparison  with  the  Silurian  epoch. 

The  deviations  from  the  living  exemplars  of  animal  types 
usually  become  greater  as  we  descend  into  the  depths  of  time 
past ;  of  this  the  Archegosaur  and  Ichthyosaur  are  instances 
in  the  reptilian  class,  and  the  Pterichthys  and  Coccosteus  in 
that  of  fishes.  If  the  vertebrate  type  has  undergone  such 
inconceivable  modifications  during  the  Secondary  and  Devo- 
nian periods,  what  may  not  have  been  the  modifications  of  the 
articulate  type  during  a  period  probably  more  remote  from  the 
secondary  period  than  this  is  from  the  present  time  ?  In  all 
probability  no  living  form  of  animal  bears  such  a  resem- 
blance to  that  which  the  Potsdam  footprints  indicate  as  to 
afford  an  exact  illustration  of  the  shape  and  number  of  the 
instruments,  and  of  the  mode  of  locomotion,  of  the  Silurian 
ProticJmites. 

Since  the  foregoing  interpretation  of  the  Silurian  Ichnites 
of  North  America  was  published,  similar  impressions  have 
been  observed  in  rocks  of  the  like  high  antiquity  in  Scotland, 
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as  at  Biuks,  Esk^lale,  which 
have  received  the  uame  of 
ProHchnifes  Scot  tens* 
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Genus    Cheirotherium. 
— Fij;.  83  gives  a  reduceti 
view  of  a  iKjrtion  of  new 
i-ed   sainl  stone,   with   three 
l>aii-s  of  footprints  in  relief: 
the  first  and  third  of  the 
^  left,  tlie  sccoiiil  of  tlie  right, 
■c    side.     Consecutive  ioipres- 
"1    sions  of  such   prints  have 
i    been  traced  for  many  steps 
~^   in  succession  in  the  trias  of 
I  J    Warwickshire  and  Cheshire, 
f  -I    more  especially  at  a  quarry 
•g    of  a  wliitish  quartzose  sand- 
's   atone  at  Storton  Hill,  a  few 
■S    miles  from  Liverpool.     The 
^  footmarks  are  shewn  by  the 
^    impressions,    and    also    in 
relief;  the  former  are  seen 
upon    the    upper    surface, 
those   in    relief    upon   the 
lower  surface  of  the  sand- 
stone   slabs,   when    raised 
from  their  natural  position;  ■ 
the  latter  being  easts,  formed 
on  the  subjacent  footprints 
as  in  moulds.     The  impres- 

•  HartnesB  and  Sniler  "On  the 
Loireat  BocUb  of  Eskdale,"  Quw- 
terlj  Joarnnl  of  the  Geologiol 
Soi'icly,  Tol.  xii,.  pp.  23tt,  243,  fig.  2. 
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sions  of  the  hind  foot  are  generally  8  inches  in  length,  and 
5  inches  in  width ;  near  each  large  footstep,  and  at  a  regular 
distance — about  an  inch  and  a  haK — ^before  it,  a  smaller  print 
of  the  fore  foot,  4  inches  long  and  3  inches  wide,  occurs.  The 
footsteps  follow  each  other  in  pairs,  each  pair  in  the  same 
line,  at  intervals  of  about  14  inches  from  pair  to  pair.  The 
large  as  well  as  the  small  steps  shew  the  thumb-like  outer- 
most toe  alternately  on  the  right  and  left  side,  each  step 
making  a  print  of  five  toes. 

Footprints  of  corresponding  form,  but  of  smaller  size,  have 
been  discovered  in  the  quarry  at  Storton  HUl,  imprinted  on 
tliin  beds  of  clay,  separated  by  layers  of  sandstone.  From  the 
lower  surface  of  the  sandstone  layers  the  solid  casts  of  each 
impression  project  in  high  relief,  and  afford  models  of  the 
feet,  toes,  and  claws  of  the  animals  which  trod  on  the  clay. 

Similar  footprints  were  first  observed  in  Saxony,  at  the 
village  of  Hessburgh,  near  HUlburghausen,  in  several  quarries 
of  a  grey  quartzose  sandstone,  alternating  with  beds  of  red 
sandstone,  and  of  the  same  geological  age  as  the  sandstones  of 
England  that  had  been  trodden  by  the  same  strange  animal. 
The  German  geologist  who  first  described  them  (1834)  pro- 
posed the  name  of  Cheirotherium  {cheiry  the  hand,  therion^ 
beast)  for  the  unknown  animal  that  had  left  the  footprints, 
in  consequence  of  the  resemblance,  both  of  the  fore  and  hind 
feet,  to  the  impression  of  a  human  hand ;  and  Dr.  Kaup 
conjectured  that  the  animal  might  be  a  large  species  of  the 
opossum  kind ;  but  in  Diddphys  the  thumb  is  on  the  inner 
side  of  the  hind-foot.  The  fossil  skulls,  jaws,  teeth,  and  a  few 
other  bones  which  have  been  found  in  the  sandstones  exhibit- 
ing these  footprints,  and  which  alone  correspond  in  size  with 
them,  belong  to  labyrinthodont  reptUes. 

The  impressions  of  the  Cheirotherium  resemble  those  of 
the  footprints  of  a  salamander,  in  having  the  short  outer  toe 
of  the  hind  foot  projecting  nearly  at  a  right  angle  to  the  line 
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of  the  mid  toe,  but  are  not  identical  with  those  of  any  known 
Batrachian  or  other  reptile.  They  shew  a  papillose  integu- 
ment as  in  some  mammals,  but  also  like  that  on  the  sole  of 
certain  Geckos,  and  which  may  be  another  mark  of  sauroid 
departure  from  tlie  modern  batrachian  type.  The  proximity 
of  the  right  and  left  prints  to  the  median  line  indicates  a  nar- 
rower form  of  body,  or  its  greater  elevation  upon  limbs  longer 
and  more  vertical  than  in  tailless  Batrachia,  and  in  strength 
and  proportions  more  like  those  of  mammals.  In  the  attempt 
to  solve  the  difficult  problem  of  the  nature  of  the  animal  which 
has  impressed  the  new  red  sandstone  with  the  cheirotherian 
footprints,  we  cannot  overlook  the  fact,  that  we  have  in  the 
Lahjjrinihodmus  also  batrachoid  reptiles,  differing  as  remarkably 
from  all  known  Batrachia,  and  from  all  other  reptiles,  in  the 
structure  of  their  teeth ;  both  the  footsteps  and  the  fossils  are, 
moreover,  peculiar  to  the  new  red  sandstone ;  the  different 
size  of  the  footprints  referred  to  different  species  of  Clwiro- 
tJieria  correspond  with  the  different  size  of  ascertained  species 
of  Lahyrinihodon ;  and  the  present  facts  best  support  the 
hypothesis,  that  the  footprints  called  "cheirotherian,*'  are 
those  of  labyrinthodont  reptiles. 

Genus  Otozoum. — The  footprints  in  the  red  sandstones, 
probably  of  liassic  age,  in  Connecticut,  described  by  Prof. 
Hitchcock  under  the  above  name,  equalled  in  size  the  laigest 
of  those  of  the  Cheirothrrium  {Cli,  Hcrcules\  but  the  hind 
foot  had  but  four  toes,  whilst  the  fore  foot  had  five  toes.  It 
would  seem  that  the  hind  foot,  which  was  larger  than  the  fore 
foot,  obliterated  the  print  of  that  foot,  by  being  placed  upon 
it  in  walking.  In  the  few  instances  of  the  fore  foot  print  the 
toes  are  turned  outward,  and  the  fourth  and  fifth  seem  to 
have  been  connate  at  their  base.  An  impression  of  a  web 
has  been  clearly  discerned  in  the  hind  foot.  Only  one  toe  on 
this  foot  shews  a  claw,  the  rest  are  terminated  by  "pellets," 
as  in  the  Batrachirt,  to  which  family  Dr.  Hitchcock  refers 
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these  footprints,  thougli  with  a  suniiise  of  the  possibility  of 
their  marsupial  nature.* 

Genus  Batbaghopus  {Batrachopus  primcewSy  King.) — In 
1844,  Dr.  King  of  Greensburg,  Pennsylvania,  discovered  fossil 
footmarks,  which  he  announced  as  being  those  of  a  reptile, 
in  the  sandstone  of  the  coal  measures,  near  that  town.  No 
reptilian  footprints  had  previously  been  found  lower  in  the 
series  than  the  New  Eed  sandstone.  Dr.  King  states  the 
impressions  to  be  "  near  800  feet  beneath  the  topmost  stratum 
of  the  coal  formation." 

Sir  C.  LyeU,  in  Silliman's  Jaumal,  July  1846,  describes 
his  visit  to  Greensburg,  where  he  examined  these  footmarks, 
and  confirmed  Dr.  King's  description  of  them.  He  considered 
them  to  be  allied  to  the  labyrinthodont  footprints  which  have 
been  referred  to  the  genus  CheirotJierium,  He  says — "They 
consist^  as  before  stated,  of  the  tracks  of  a  large  reptilian 
quadniped,  in  a  sandstone  in  the  middle  of  the  carboniferous 
series,  a  fact  full  of  novelty  and  interest;  for  here  in  Pennsyl- 
vania, for  the  first  time,  we  meet  with  evidence  of  the  exist- 
ence of  air-breathing  quadrupeds  capable  of  roaming  in  those 
forests  where  the  Sigillaria,  Lepidodendron,  Caulopteris,  Cala- 
mites,  ferns,  and  other  plants  flourished." 

These  footmarks  were  first  observ- ed  standing  out  in  relief 
from  the  lower  surface  of  slabs  of  sandstone  resting  on  thin 
layers  of  fine  unctuous  clay,  which  also  exhibited  the  cracks 
due  to  shrinking  and  drying.  Now  these  cracks,  where  they 
traversed  the  foot-prints,  had  produced  distoi-tion  in  them,  for 
the  mud  must  have  been  soft  when  the  animal  walked  over  it 
and  left  the  impressions ;  whereas,  when  it  afterwards  dried  up 
and  shrunk,  it  would  be  too  hard  to  receive  such  indentations, 
and  could  only  affect  them  in  the  way  of  subsequent  dislocation. 

No  less  than  twenty-three  footsteps,  the  greater  part  so 
arranged  as  to  imply  that  they  were  made  successively  by  the 

•  Ichnology  of  MasBachusetts,  4to,  1858,  p.  123. 
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same  animal,  were  obsen'ed  in  the  same  quany.  Even'whei-e 
there  was  a  chjuble  row  of  tracks,  and  in  each  row  they  occiii* 
in  ])airs,  each  pair  consisting  of  a  hind  and  fore  foot,  and  each 
being  at  nearly  equal  distances  from  the  next  pair.  The  hind 
foot-print  is  about  one-third  larger  than  the  fore  foot-j)rint : 
it  has  five  toes,  but  the  front  one  only  four ;  some  of  them 
exhibit  a  stunted  rudiment  of  the  innermost  toe  or  **  iwllex," 
which  is  the  undeveloj>ed  one.  Tlie  outermost  toe  in  the 
liind  foot-print  is  shorter  and  rather  thicker  than  the  rest,  and 
stands  out,  as  it  does  in  fig.  83,  like  a  thumb  on  the  wrong 
side  of  the  hand. 

With  this  general  resemblance  to  the  footprints  of  Lahy- 
rinthodoTiy  from  the  new  red  sandstones  of  Europe,  there  are 
well-marked  distinctions.  In  the  first  place,  the  right  and  left 
series  of  impressions  are  wider  apart,  indicative  of  a  broader- 
bodied  animal.  The  fix)nt  print  in  Batrachapus  has  only  four 
well-developed  toes  instead  of  five,  as  in  Lahyrinthodon ;  it 
is  also  proportionably  larger, — the  fore  foot  in  Lahyrinthodon 
being  less  than  half  the  size  of  the  hind  foot  The  distance 
between  the  fore  and  hind  print  of  each  pair,  and  of  one  such 
pair  from  the  next  on  the  same  side,  is  nearly  the  same  in 
Batrachapus  and  Lahyrinthodon, 

Genus  Sauropus,  Kogers. — ^Very  similar  foot-prints  were 
discovered  and  described  by  Mr.  Isaac  Lea  in  a  formation  of 
red  shales,  at  the  base  of  the  coal  measures  at  Pottsville,  78 
miles  N.R  of  Philadelphia.  Tliese  are  of  older  date  than  the 
l)receding,  inasmuch  as  a  thickness  of  1700  feet  of  strata 
intervenes  between  the  foot-prints  at  Greensfield  and  the 
Pottsville  impressions. 

Professor  H.  D.  Rogers,  in  1851,  announced  his  discovery 
in  the  same  red  shales,  between  the  Devonian  and  Carboni- 
ferous series,  of  three  species  of  four-footed  animals,  which  he 
deems  to  have  been  rather  saurian  than  batrachian,  seeing 
that  each  foot  was  five-toed  ;  one  species,  the  largest  of  the 
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three,  presented  a  diameter  for  each  foot-print  of  about  two 
inches,  and  shewed  the  foi'e  and  hind  feet  to  be  nearly  equal 
in  dimensions.  It  exhibits  a  length  of  stride  of  about  nine 
inches  and  a  breadth  between  the  right  and  left  footsteps  of 
nearly  four  inches.  The  impressions  of  the  hind  feet  are  but 
little  in  the  rear  of  the  fore  feet  With  these  foot-marks  were 
associated  shrinkage  cracks,  such  as  are  caused  by  the  sun's 
heat  upon  mud,  and  rain-drop  pittings,  with  the  signs  of  the 
trickling  of  water  on  a  wet  beach, — all  confirming  the  con- 
clusions derived  from  the  foot-prints,  that  the  quadrupeds 
belong  to  air-breathers,  and  not  to  a  class  of  animals  living  in 
and  breathing  water. 

:  Class  II.— REPTILIA. 

Order  I. — Ganocephala* 

The  name  of  this  order  has  reference  to  the  sculptured 
and  externally  polished  or  **  ganoid"  bony  plates  with 
which  the  entire  head  was  defended.  These  plates 
include  the  "  post-orbital"  and  "  super-temporal"  ones, 
which  roof  over  the  temporal  fosste.  There  are  no 
occipital  condyles.  The  teeth  have  converging  inflected 
folds  of  cement  at  their  basal  half.  The  notochord  is 
persistent ;  the  vertebral  arches  and  peripheral  elements 
are  ossified  ;  the  pleurapophyses  are  short  and  straight. 
There  are  pectoral  and  pelvic  limbs,  which  are  natatory 
and  very  small;  large  median  and  lateral  "throat- 
plates  ;"  scales  small,  narrow,  sub-ganoid ;  traces  of 
branchial  arches. 

The  extinct  animals  which  manifest  the  above  combina- 
tion of  characters  were  first  indicated  by  certain  fossils, 
discovered  in  the  sphaerosideritic  clay-slate  forming  the 
upper  member  of  the  Bavarian  coal  measures  ;  and  also 

*  r«y«f,  lustre ;  xi^Xfi,  head. 
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in  splitting  spheroidal  con- 
cretions from  the  coal-field 
of  Saarsbruck,  near  Treves. 
They   were,    originally   re- 
ferred to  the  class  of  iishes 
{Pyifoplcrus  Lucius,   Agas- 
Biz) :  but  a  s]>eciuien  from 
the  Erandschiefer  of  MUn- 
ster-Appel  presented  char- 
acter  which  were   recog- 
nized by  Dr.  Ceij^ens  to  be 
those  of  a  salamandroid  rep- 
tile."  Subsequently  discov- 
•t    ered  specimens  have  been 
J    described   and   figured   by 
I    Goldfuss,t  V.  MeyerJ  and 
0  1^    myself.§    The  name  .4 rcA«- 

^    ?        •  MaiDE,   Oktober   1843.     "Id 

§     dem   BraodBchiefer  Ton   MSruter- 

£    appel  in  Shein-Baiem  faabe  ich  in 

■S     TorigcD  Jahre  einen   SaUmander 

.^     aufgefunden.    Gehiirt  dieeir  &cM«- 

ter     der     Kohlen-ronnation  ?     In 

dieaem  falle  irare  der  Fund  aucb  in 

anderen  Hinnicht  interossant.  (Le- 

onhard  nnd  Bronn,  Keua  Jahrbuek 

fur  Mintralogie,  etc.,  1844,  p.  49.) 

f  "Arcliegosaurua,  FoBsile-Saurier 

auB  dem  Stein   kohlengebirge  die 

den  UebergaDg  der  Icbthfodea  zu 

den  Lacerten  and  Krokodilen  bil- 

den,"p.  3.   {B^trage  tvr  vorvxlt- 

lichen  FauTia   de»    Steinkohlttigt- 

hirga,  4to,  1847.) 

}  Beplilien  ana  der  Steinkohlen 
Fonnation  in  Deutchland,  Sechsler 
Itand,  Palteontograpb  ica,  1657,  p.  61 . 
§  Qaartert;  JouroaJ  of  the  Ge(K 
li^cai  Society,  vol.  iv.,  1848. 
Catalogue  of  Fosdl  Beptiles,  Mob. 
Coll.  Chir.,  4to,  1854,  p.  117. 
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gomurus  or  primeval  lizard,  was  proposed  by  Goldfuss  to  ex- 
press his  conclusion  as  to  the  saurian  nature  of  this  very  old 
form  of  reptile.  I  was  led,  b)*  a  study  of  nearly  the  same 
materials,  to  view  the  animal  as  having  been  more  nearly 
allied  to  the  perennibranchiate  batrachia ;  and  additional 
evidence,  while  confirming  the  conclusion  of  the  position 
of  ArcJiegosa^mos  between  fishes  and  reptiles,  has  shewn  that 
it  links  on  with  those  older  ganoid  forms  of  ihe  gill-breathing 
class,  rather  than  with  the  more  modern  soft-scaled  teleosteal 
fishes  with  which  the  Proteiis  and  Siren  are  closely  allied. 
I  have  not  been  able  to  discern  a  distinct  vertebral  body  at 
any  part  of  the  space  between  the  ossified  neural  or  haemal 
arches :  in  some  specimens  the  notochord  has  plainly  been 
persistent  in  the  trunk. 

Coincident  with  this  non-ossified  state  of  the  basis  of  the 
vertebral  bodies  of  the  trunk  (fig.  84,  c),  is  the  absence  of  the 
ossified  occipital  condyles  which  characterize  tlie  skull  in 
better  developed  Batrachia.  The  fore  part  of  the  notochord 
has  extended  into  the  basi-sphenoid  region,  and  its  capsule 
has  connected  it  by  ligament  to  the  broad  flat  ossifications 
of  expansions  of  the  same  capsule,  forming  the  basi-occipital 
or  basi-sphenoid  plate.  In  fig.  84  are  represented  the  chief 
modifications  of  the  vertebne,  as  shewn  in  the  neck,  thorax, 
abdomen,  sacrum,  and  tail  The  vertebrae  of  the  trunk  in  the 
fully-developed  full-sized  animal  present  the  following  stage 
of  ossification : — 

The  neurapophyses  (fig.  65,  n)  coalesce  at  top  to  form 
the  arch,  from  which  was  developed  a  compressed,  sub-quad- 
rate, moderately  high  spine,  with  the  truncate  or  slightly 
convex  summit  expanded  in  the  fore-and-aft  direction  so 
as  to  touch  the  contiguous  spines  in  the  back ;  the  spines 
are  distinct  in  the  taiL  The  sides  of  the  base  of  the  neural 
arch  are  thickened  and  extended  outwards  into  diapophyses, 
having  a  convex  articular  surface  for  the  attachment  of  the 
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rib,  pi ;  the  fore-part  is  slightly  produced  at  each  angle  into 
a  zygapophysis  looking  upwards  and  a  little  forwards  ;  the 
hinder  part  was  much  produced  backwards,  supporting  two- 
thirds  of  the  neural  spine,  and  each  angle  developed  into  a 
zygapophysis,  with  a  surface  of  opposite  aspects  to  the  anterior 
one.  In  the  capsule  of  the  notochord  three  bony  plates  were 
developed,  one  on  the  ventral  surface,  and  one  on  each  side, 
at  or  near  the  back  part  of  the  diapophysis.  These  bony 
plates  may  be  termed  cortical  parts  of  the  centrum,  in  the 
same  sense  in  which  that  term  is  applied  to  the  element  which 
is  called  ^body  of  the  atlas"  in  man  and  Mammalia,  and 
**  sub-vertebral  wedge-bone''  at  the  fore-part  of  the  neck  in 
Enaliosauria.  But  as  such  neural  or  inferior  cortical  elements 
co-exist  with  seemingly  complete  centrums  in  the  Ickthyo- 
sauruSy  affording  ground  for  deeming  them  essentially  distinct 
from  a  true  centrum,  the  term  **  hypopophysis"  has  been  pro- 
posed for  such  independent  inferior  ossifications  in  and  from 
the  notochordal  capsule ;  and  by  that  term  may  be  signified 
the  sub-notochordal  plates  in  Archegosaurus^  which  co-exist 
with  proper  haemapophyses  (A)  in  the  tail  In  the  trunk  they 
are  flat^  subquadrate,  oblong  bodies,  with  the  angles  rounded 
off;  in  the  tail  they  bend  upwards  by  the  extension  of  the 
ossification  fix)m  the  under  to  the  side  parts  of  the  notochordal 
capsule ;  sometimes  touching  the  lateral  cortical  plates.  These 
serve  to  strengthen  the  notochord  and  support  the  interverte- 
bral nerve  in  its  outward  passaga  The  ribs  {pt)  are  shorty 
almost  straight,  expanded  and  flattened  at  the  ends,  round 
and  slender  at  the  middle.  They  are  developed  throughout 
the  trunk  and  along  part  of  the  tail,  co-existing  there  with  the 
haemal  arches,  as  in  the  Menopome.*  The  haemal  arches  (A) 
which  are  at  first  open  at  their  base,  become  closed  by  exten- 
sion of  ossification  inwards  from  each  produced  angle,  con- 

•  "Principal  FormR  of  the  Skeleton,"  Orr*B  Circle  of  the  Sciences,  p.  187, 
fig.  11. 
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verting  the  notch  into  a  foramen.  This  forms  a  wide  oval, 
the  apex  being  produced  into  a  long  spine  ;  but  towards  the 
end  of  the  tail  the  spine  becoiHes  shortened,  and  the  haemal 
arch  reduced  to  a  mere  flattened  ring. 

The  size  of  the  canal  for  the  protection  of  the  caudal  blood- 
vessels indicates  the  powerful  muscular  actions  of  that  party 
as  the  produced  spines  from  both  neural  and  haemal  arches 
bespeak  the  provision  made  for  muscular  attachments,  and 
the  vertical  development  of  the  caudal  swinuning  organ. 

The  skull  of  the  Arckegosaurvs  appears  to  have  retained 
much  of  its  primary  cartilage  internally,  and  ossification  to 
have  been  chiefly  active  at  the  surface ;  where,  as  in  the  com- 
bined dermo-neural  ossifications  of  the  skull  in  the  stuigeons 
and  salamandroid  fishes — e.^.,  PolypteruSy  Amia,  Lepidostms — 
these  ossifications  have  started  from  centres  more  numerous 
than  those  of  the  true  vertebral  system  in  the  skull  of  saurian 
reptiles.  This  gives  the  character  of  the  present  extinct  order 
of  cold-blooded,  air-breathing  animals. 

The  skull  is  much  flattened  or  depressed,  triangular,  with 
rounded  angles,  and  the  front  one  moro  or  less  produced 
according  to  the  species ;  and  in  some  species  according  to 
the  age  of  the  individual.  The  super-occipital  (fig.  65,  4),  is 
represented  as  in  the  salamandroid  fishes,  by  a  pair  of  flat 
bones ;  the  pair  external  to  these,  and  forming  the  prominent 
angles  of  the  occipital  region,  represent  the  "  par-occipitala" 
The  lower  peripheral  surface  of  the  basi-sphenoidal  cartilage 
is  ossified  with  a  Qoncave  border  towards  the  notochord  behind, 
to  the  capsule  of  which  it  seems  to  have  been  attached.  The 
alisphenoids  were  doubtless  cartilaginous,  and  the  protocra- 
nium  there  unaltered,  as  it  was  apparently  in  the  ex-occipital 
region.  The  peripheral  ossifications  above  representing  the 
"parietal"  (7),  form  a  pair  of  oblong  flat  bones,  with  the 
'*  foramen  parietale"  in  the  mid-suture.  External  to  these,  and 
wedged  between  the  parietals,  the  super-  and  par-occipitals, 
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are  tlie  pair  of  bones  answering  to  the  "mastoids''  (8).  They 
give  attachment  externally  and  below  to  the  tympanic  (is), 
and  to  a  subsidiary  bony  plate  (supra-squamosal,  s)  holding 
the  position  of  that  development  of  the  mastoid  and  squa- 
mosal, which  roofs  over  the  temporal  fossa  in  the  Chelonia. 
The  frontal  bones  (n),  divided  by  a  mid-suture,  like  the  parie- 
tals,  increase  in  lengtli,  and  are  continued  far  in  advance  of 
the  orbits.  The  bone  which  occupies  the  position  of  the  post- 
frontal  in  Chclonia  is  ossified  from  two  centres,  one  (n)  articu- 
lating with  the  mastoid  ( 8 ),  the  other,  post-orbital,  o,  with  the 
supra-squamosal.  The  post-frontal  extends  forward  above  the 
orbit  to  meet  the  pre-fi*ontal,  separating  the  frontal  (n)  from 
the  orbit,  as  in  the  sturgeon  {Aci'penser)y  Polypterus^  and  Lepi- 
dos(eic-%  and  also  in  some  Cheloncfi.  The  pre-frontal  extends 
far  forward,  tenninating  in  a  point  between  the  nasal  (is)  and 
laciymal.  Tlie  nasals  (15),  divided  by  the  median  suture, 
extend  to  the  external  nostrils,  their  pi*olongation  varying 
with  the  species  and  age  of  the  indi^^[dual. 

Thus  far  the  ossification  of  the  superficies  of  the  skuU  of 
Archegosaurus  closely  confonns  to  that  of  the  salamandroid 
ganoid  fishes  above  cited ;  and  the  homologous  bones  are 
determinable  without  doubt.  The  lacrymal  bone  obviously 
answei-s  to  the  front  lai-ge  suborbital  scale-bone  in  fishes ;  its 
large  size  and  forwaixl  extension  in  Archcgosaurus  is  a  mark 
of  that  affinity. 

The  upper  jaw  consists  of  pre-maxillary  (n),  maxillary 
(21),  and  palatine  bones.  The  pre-maxillaries  are  divided  by 
a  median  suture,  as  in  Lepidostev^  and  Crocodil^is,  and  are 
short  bones,  the  breadth  exceeding  the  length  in  A.  latirostris^ 
and  also  in  the  young  of  A.  Dccheni ;  but  in  the  old  animal 
opposite  proportions  prevail.  The  maxillary  (21)  extends  from 
the  pre-maxillaiy  to  beneath  and  beyond  the  orbit.  The 
palatine  is  a  long  narrow  bone,  rather  expanded  at  both  ex- 
tremities ;  it  forms  anteriorly  the  hinder  border  of  the  choanal 


GANOCEPHALA.  199 

aperture,  and  mesially  throughout  a  great  part  of  its  extent 
the  outer  boundary  of  the  great  palatal  vacuity.  It  supports 
a  row  of  teeth,  of  which  one  or  two  at  the  fore  part  are  of 
large  size. 

Between  the  orbit  and  the  maxillary  extends  the  bone  (26) 
which  agrees  with  the  malar  of  the  cix)codile,  and  with  the 
suborbital  bones  of  fishes. 

The  bone  (27)  answers  to  the  squamosal  in  the  crocodile, 
but  is  chiefly  a  dermal  ossification.  It  indicates,  with  the 
supra-squamosal,  the  tendency  to  excessive  dermal  ossification 
of  the  skull,  and  the  "  postorbital"  corresponds  in  position  with 
the  posterior  suborbital  scale-bones  in  Amia  and  Lepidostevs. 

The  hinder  angles  of  the  skull  are  formed  by  the  tympanic ; 
in  young  individuals  the  tympanic  does  not  extend  backward 
beyond  the  par-occipital,  but  as  age  advances  it  projects 
further  backward.  It  appears  to  abut  internally  against  the 
pterygoid. 

The  two  rami  of  the  mandible  were  loosely  united  at  a 
short  symphysis.  The  angular  element  (30)  presents  a  con- 
vexity answering  to  the  point  of  ossification  whence  some  faint 
ridges  radiate  upon  its  outer  surface.  The  dentary  (3*),  if  it 
does  not  form  the  articular  surface,  begins  very  near  it,  and 
each  ramus  appears  to  be  composed  of  these  two  bones. 

From  fishes  the  lower  jaw  of  Archegosaurus  differs  in  the 
great  length  or  forward  extension  of  the  angular  piece  (30) ; 
but  it  resembles  the  piscine  type  in  the  simplicity  of  its 
composition.  The  angular  piece  is,  however,  longer  in  the 
Granoids — e,g,^  Ainia,  PolypteruSy  LepidosteiiSj — than  in  other 
fishes  ;  in  Leiridosiren  its  proportions  are  almost  those  of  the 
Archegosaunis ;  and  it  offers  similar  proportions  in  the  man- 
dible of  the  Axolotl  and  Proteus  (fig.  84«). 

The  teeth  in  ArcJvegosawrua  have  the  simple  conical  pointed 
shaj)e.  They  are  implanted  in  the  premaxillary,  maxillary, 
mandibular,  and  vomerine  bone,  and  in  a  single  row  in  each. 
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In  the  short  preniaxillaries  there  are  fi"om  8  {A .  Decheni)  to 
12  (^.  latirostrts) ;  they  are  rather  larger  than  the  maxillary 
teetL  These  follow  in  an  unbroken  series  to  beneath  and 
beyond  the  orbit,  and  are  about  30  in  niunber ;  but  their  in- 
terspaces are  such  as  would  lodge  double  that  number  in  the 
same  extent  of  alveolar  border.  The  vomerine  teeth  are  in  a 
single  row,  parallel  with  and  near  to  the  maxillary  row ;  one 
or  two  behind  the  choane  are  much  larger  than  the  rest,  which 
resemble  the  maxillary  teeth  in  size.  The  mandibular  teeth 
extend  backward  to  the  coiH)noid  rising,  and  decrease  in  size, 
the  front  ones  being  the  largest.  Each  tooth  is  implanted  by 
a  simple  base  in  a  shallow  cup-shaped  socket^  with  a  slightly 
raised  border,  to  which  the  circumference  of  the  tooth  becomes 
anchylosed.  The  tooth  is  loosened  by  absorption  and  shed  to 
make  way  for  a  successor.  These  are  developed  on  the  inner, 
hind,  and  fore  part  of  the  base  of  tlie  old  tooth.  Alternate 
teeth  are  usually  shed  together.  They  consist  of  osteodentine, 
dentine,  and  cement.  The  first  substance  occupies  the  centre ; 
the  last  covers  the  superficies  of  the  tooth,  but  is  introduced 
into  its  substance  by  many  concentric  folds  extending  along 
the  basal  half.  These  folds  are  indicated  by  fine  longitudinal, 
straight  striae  along  that  half  of  the  crown.  The  section  of 
the  tooth  at  that  part  (see  fig.  84,  tooth-section)  gives  the  same 
structure  which  is  shewn  by  a  like  section  of  a  tooth  of  the 
Lepidosievs  oxyurus,* 

The  same  principle  of  dental  structure  is  exemplified  in 
the  teeth  of  most  of  the  ganoid  fishes  of  the  carboniferous  and 
Devonian  systems,  and  is  carried  out  to  a  great  and  beautiful 
degree  of  complication  in  the  "old  red"  Dendrodonts. 

The  repetition  of  this  structure  in  the  teeth  of  one  of  the 
earliest  genem  of  Air-breathers,  associated  with  the  defect  of 
ossification  of  the  endo-skeleton  and  the  excess  of  ossifica- 
tion in  the  exo-skeleton  of  the  head  and  nape,  instructively 

*  Wyman,  American  Journal  of  the  Natural  Sciences,  Oct.  1843. 
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illustrates  the  true  nature  and  low  position  in  the  reptilian 
class  of  the  so-called  Archegosauri, 

Besting  upon  and  protected  by  the  throat-plate  in  the 
middle  line,  there  is  a  longish  slender  bone,  either  basi-  or 
uro-hyal;  most  probably  homologous  with  the  uro-hyal  of 
AmphiuToa  and  other  Perennibranchiates.  That  two  pairs 
of  slender  bones  projected  outward  and  backward  from  the 
median  series,  is  shewn  by  more  than  one  specimen  of  Arche- 
gosawnis  in  the  British  Museum.  The  anterior  pair  is  the 
longest ;  these  are  situated  as  if  they  had  been  attached,  one 
to  each  side  of  the  broad  "throat-plate,"  which  may  have 
i-epresented  a  basi-hyaL  The  anterior  pair  are  homologous 
with  the  corresponding  longer  pair  of  appendages  to  the  broad 
basi-hyal  of  AmphiumOy  and  are  cerato-hyals.  The  shorter 
posterior  pair  answer  to  the  branchi-hyals*  in  Amphiuma  and 
other  Perennibranchs.  There  is  no  such  pair  in  the  hyoidean 
arch  of  any  known  Saurian. 

External  to  the  ends  of  the  above  latei'al  elements  of  the 
hyoid  apparatus,  are  slightly  curved  series  of  dots  or  points. 
In  the  small  relative  size  of  these  indications  of  branchial 
arches,  the  Archegosaurus  agrees  with  the  Amphiumd, 

No  doubt,  in  the  fully-grown  ArchtgosauruSy  the  lungs 
would  be  equal  to  the  performance  of  the  required  amount  of 
respiration ;  but  the  retention  of  such  traces  of  the  ei3|}>ryonal 
watei^breathing  system  in  the  adult  leads  to  the  inference 
that  the  animal  must  have  afiTected  a  watery  medium  of  exist- 
ence for  as  great  a  proportion  of  its  time  as  is  observed  to  be 
the  case  in  the  existing  perennibranchiate  reptiles  ;  in  which, 
notwithstanding  the  degree  of  development  of  the  lungs,  the  re- 
spiratory function  seems  to  be  mainly  performed  by  the  gUls. 

The  additional  marks  of  affinity  to  fishes  which  the  Arche- 

*  For  the  meaning  of  the  names  of  bones,  see  the  writer^s  works  "  On  the 
Archetype  of  the  Vertebrata  Skeleton,"  Svo,  1848;  "  Lectures  on  Anat.  of 
Fishes/'  Svo,  1846 ;  and  "  Principal  Forms  of  the  Skeleton  and  Teeth/*  12mo, 
1854. 
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gosaurus  presents  in  its  persistent  notochord,  cartilaginous 
basi-occipital,  dennal  ossifications  on  the  head,  and  minute 
body-scales  (fig.  84,  scales),  remove  it  further  from  the  saurian 
reptiles,  and  exhibit  it  more  sti-ongly  in  the  light  of  a  transi- 
tional form  between  the  Batrachians  and  the  Ganoids. 

The  under  surface  of  the  body  between  the  head  and  trunk 
is  defended  by  broad  bony  plates,  three  in  number.  One  is 
median  and  symmetrical,  of  an  elongate  lozenge  shape,  with 
the  angles  rounded  of;  the  outer  surface  is  sculptured  by 
radiating  furrows,  except  at  so  much  of  the  marginal  part  as 
is  overlapped  by  the  lateral  pieces,  and  by  the  scapular  arch. 
The  lateral  throat  plates  are  attached  to  the  anterior  half  of 
the  sides  of  the  median  one,  are  shaped  like  beetles'  elytra,  and 
converge  forwards.  Tlieir  centre  of  ossification  is  towards 
their  outer  and  back  part,  from  which  the  external  ridges  and 
grooves  radiate  towards  the  inner  border. 

Von  Meyer*  compares  these  dermal  shields  to  the  ento- 
and  epi-stemal  elements  of  the  plastron  of  Chelonia ;  their 
truer  homology  seems  to  the  writer  to  be  with  the  median  and 
lateral  lai'ge  throat-plates  or  scales  of  McgalicMhys  and  Sudis 
(jigas.  The  ento-stenial  element  is  the  only  endo-skeletal  piece 
uncombined  with  a  dermal  ossification  in  most  Chelonia ;  in 
which  order  the  epi-stemal,  like  the  hyo-  and  hj^o-stemals,  ap- 
pear to  be  abdominal  ribs,  with  superadded  dermal  ossifications. 

The  scapulae  (fig.  84,  51)  are  short  and  straight,  with  the 
upper  free  end  inclined  forward  toward  the  occiput  The 
coracoids  (51)  are  represented  by  a  pair  of  flat  reniform  plates, 
with  the  convex  border  turned  forward,  the  concave  one  back- 
ward, as  in  Amjyhiuma,  they  form  the  chief  part  of  the  articu- 
lar cavity  for  the  humems.  It  is  most  probable  also,  that  as 
in  AmphiuTnOy  a  portion  of  the  broad  coracoid  remained  in  the 
cartilaginous  state,  and  that  the  reniform  plate  answers  to 

*  "Die  kehlbrust  platten  konnte  man  der  nnpaarigen  Platte  und  dem  ereten 
Platten-paar  im  Bauchpanzer  der  Schildkroter  vergleichen."    ( Op.  cA.,  p.  100.) 
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the  ossified  part  of  that  coracoid  which  it  resembles  in  shape 
and  relative  position. 

The  perennibranchiate  affinities  oiArchegomurus  are  shewn 
as  clearly  by  the  scapular  as  by  the  hyoidean  arch.  The  fore- 
limb  does  not  exceed  half  the  length  of  the  head.  The  humerus 
(53)  is  a  short  thick  bone,  slightly  constricted  at  the  middle, 
expanded  and  rounded  at  both  ends,  the  proximal  one  being  the 
largest.  For  some  time  the  bone  is  hollow  and  open  at  each 
end ;  when  ossification  finally  closes  the  terminal  apertures, 
it  shews  that  the  ends  were  connected  to  the  coracoid  and  to 
the  fore-arm  by  interposed  ligamentous  matter, — ^not,  as  in  true 
Saurians,  by  a  synovial  joint.  Of  the  two  bones  of  the  fore- 
arm the  ulna  is  a  little  longer  and  larger  than  the  radius  (54). 
Both  bones  present  the  simplest  primitive  form,  gently  con- 
stricted in  the  middle,  with  the  proximal  ends  a  little  concave, 
the  distal  ones  a  little  convex.  The  space  between  the  anti- 
brachium  and  the  metacarpus  plainly  bespeaks  the  mass  of 
cartilage  representing,  as  in  Amphiuma,  the  carpal  segment 
(56)  in  Archegosaw^us.  No  trace  of  a  carpal  bone  is  found 
save  in  the  largest  and  oldest  examples,  in  which  five  or  six 
small  roundish  ossicles  are  aggregated  near  the  ulnar  side  of 
the  carpus.  Four  digits  are  present;  and  considering  the 
pollex  to  be,  as  usual,  wanting,  the  second  digit  answering  to 
the  medius  of  pentadactyle  feet,  is  the  largest,  and  includes  at 
least  four  phalanges  (58);  these,  with  the  metacarpals  (57),  are 
long,  slender,  terminally  expanded,  and  truncate.  They  obvi- 
ously supported  a  longish,  narrow,  pointed  paddle.  The  outei^ 
most  or  little  finger  was  the  shortest,  and  has  the  shortest 
metacarpal  and  first  phalanx.  Thus,  in  ArchegosaurvSy  not 
only  is  the  small  size  of  the  fore  limbs,  but  also  their  type  of 
structure,  closely  in  accordance  with  that  in  the  Perennir 
hranchiatay  as  shewn  in  the  tridactyle  fore-limb  of  the  Proteus 
anguinv^  of  which  a  figure  is  added  to  that  of  the  Ardiego- 
mw*tc8y  in  fig.  65. 
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The  ilium  (61),  like  the  scapula,  is  expanded  at  its  articular 
or  femoral  eud.  Two  shorter  bones  on  each  side  complete  the 
pelvis  below.  The  broader  one  is  the  pubis  (64).  The  femur 
(65),  is  slightly  expanded,  and  truncate  at  both  ends  ;  it  is  not 
longer  than  the  ilium.  The  tibia  (66)  and  fibula  are  separate 
bones,  rather  more  than  half  the  length  of  the  femur.  The 
foot-bones  are  separated  by  a  fibro-cartilaginous  tarsal  mass  (68) 
from  those  of  the  leg.  The  form  of  the  phalanges,  expanded 
and  truncate  at  both  ends,  bespeaks  their  simple  ligamentous 
joints,  and  that  they  supported,  like  the  fore-limb,  a  fin  or 
limb  adapted  simply  for  swimming. 

The  argument  for  the  saurian  aflinities  of  Archegosaurus, 
based  by  V.  Meyer  on  the  short  fore-limbs  of  MystriosauruSy 
already  invalidated  by  the  difference  of  structure,  is  contro- 
verted by  the  fact,  that  the  hind  limbs  of  Archegosaurus,  like 
those  of  the  Perennibranchs,  are  not  only  as  simple  in  struc- 
ture, but  also  as  short,  as  the  fore  limbs.  This  laborious 
observer  and  accomplished  artist  has  most  contributed  to 
our  knowledge  of  the  fossilizable  parts  of  Archegosaurus; 
but  the  true  nature  and  deep  significance  of  his  subject 
seem  to  have  escaped  him.  It  is  not  with  any  known  reptile, 
least  of  all  with  the  crocodile,  that  it  shews  such  conformity 
of  structure  as  fully  elucidates  its  affinities.  More  and 
truer  insight  is  to  be  gained  by  comparison  of  the  Archego- 
saurus with  the  vertebrates  of  the  Devonian  and  carbonifer- 
ous periods.  The  imperfectly  ossified  or  notochordal  state  of 
the  vertebral  column,  is  that  of  all  the  fishes  of  its  own  and 
antecedent  times.  The  state  of  the  exoskeleton,  as  rhombo- 
ganoid  scales  on  the  trunk,  and  broad  suturaUy -united, 
grooved,  and  polished  plates  on  the  head,  are  characters  found 
in  no  air-breather  of  the  present  day.  Associated  as  they  are 
with  labyrinthic  teeth,  and  with  limbs,  in  the  embryonally- 
batrachian  condition  of  those  of  a  proteus,  they  seem  to  offer, 
to  one  who  attends  the  facts  upon  which  a  science  of  the 
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origin  of  species  may  be  based,  the  most  exemplary  instance 
of  a  transitional  fonn,  on  the  derivative  hypothesis,  of  an  aiiv 
breather  from  a  water-breather.  Whether  the  conditions  of 
such  derivation  be  external  and  impressive,  or  internal  and 
genetic,  and  the  degree  in  which  those  conditions  may  com- 
bine, if  both  concur  in  the  work,  is  a  problem  needing  much 
future  observation,  and  the  acquisition  of  a  large  amount  of 
fects  yet  unknown.  Those  which  have  been  acquired  since 
Lamarck's  speculations  on  the  degrees  in  which  outward 
influences  might  impress  changes  in  structure,  have  contri- 
buted  to  their  banishment  But  a  refutation  of  guesses  at 
the  mode  in  which  one  form,  or  grade  of  animal  structure 
may  be  changed  into  another,  leaves  the  possibility  of  deri- 
vation of  one  form  from  another  open  to  the  mind  of  every 
unbiassed  explorer  of  the  laws  of  animated  nature ;  and  no 
fact^  old  or  new,  ought  to  be  dismissed  until  its  relations  to 
the  great  question  have  been  completely  and  impartially  con- 
sidered, with  all  the  power  of  thought  which  the  naturalist 
can  bring  to  bear  upon  it 

Oenvs  Baniceps. — In  about  the  centre  of  the  great  car- 
boniferous basin  of  Ohio,  United  States,  at  the  mouth  of  the 
^  yellow  creek,"  is  a  seam  of  coal  8  feet  in  thickness,  the  lower 
four  inches  of  which  is  "  cannel  coaL"  In  this  has  been  found 
the  skull,  part  of  the  vertebral  column,  scapular  arch,  and  fore 
limbs  of  a  reptile,  referred  by  Professor  Wyman*  to  the  batra- 
chian  sub-class,  under  the  name  of  Raniceps.  Two  closely- 
allied  fossils,  also  referred  to  Batrachia^  have  been  found  in 
the  same  formation  and  locality. 

Oenua  Dendrerpeton. — This  is  founded  on  some  small 
bones  discovered  in  the  hollow  of  the  trunk  of  one  of  the  trees 
(Stgillaria^y  2  feet  in  diameter),  wholly  converted  into  coal,  the 
stumps  of  which  stand  erect  in  a  coal-field  of  Nova  Scotia, 
The  genus  is  batrachian,  with  close  affinities,  from  the  plicated 

*  American  Journal  of  Science  and  Arts,  March  1857. 
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structure  of  the  teeth,  the  sculpturing  of  some  broad  cranial 
plates,  and  the  structure  and  proportions  of  certain  limb-bones, 
to  the  genus  Archegosaurm,*  The  subsequent  discovery  of 
carinate  scales  with  bones  of  the  Dendrerpeton  adds  to  the  pro- 
bability of  its  appertaining  to  the  Ganocephalous  oixler.  A 
second  kind  of  reptile  {Hylorwrniui),  and  perhaps  a  third, 
together  with  a  centipede  {XyloJdm),  and  shells  of  the  aii^ 
breathing-snail  (J)eiidrojnipd)y  have  rewarded  Dr.  Dawson's 
later  explorations  of  the  hoUows  of  the  old  coal-forming  trees 
of  the  carboniferous  deposits  of  Nova  Scotia.  Thus  air- 
breathing  mollusks,  articulates,  and  vertebrates,  concur  with 
the  rich  t<?rrestrial  vegetation  to  testify  to  the  life-sustainiug 
power  of  the  atmosphere  in  the  oldest  division  of  the  geological 
periods  of  the  history  of  the  earth. 

Order  II. — Labyrinthodontia. 

Head  defended,  as  in  the  Ganocephala,  by  a  continuous  casque 
of  externally  sculptured  and  unusually  hard  and 
polished  osseous  plates,  including  the  supplementary 
"post-orbital"  and  "super-temporal"  bones,  but  leaving 
a  "  foramen  parietale."  Two  occipital  condyles.  Vomer 
divided  and  dentigeix)us.  Two  nostrils.  Vertebral 
bodies,  as  well  as  arches,  ossified,  biconcave.  Pleur- 
apophyses  of  the  trunk,  long  and  bent  Teeth  rendered 
complex  by  undulation  and  side  branches  of  the  con- 
verging folds  of  cement,  whence  the  name  of  the  order. 

The  reptiles  presenting  the  above  characters  have  been 
divided  into  genera^  according  to  minor  modifications  exem- 
plified by  the  form  and  proportions  of  the  skull,  and  by  the 
relative  position  and  size  of  the  orbital,  nasal,  and  temporal 
cavities. 

Genus  Baphetes,  Ow. 

*  Quarterly  Journal  of  the  Geological  Society,  vol.  ix.,  1853. 
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Sp.  Baphetes  planiceps, — This  is  founded  on  part  of  a  fossil 
cranium  from  the  Pictou  coal.  Nova  Scotia^  measuring  7  inches 
across  the  orbits,  belonging  to  the  present  order  by  the  num- 
ber, size,  and  disposition  of  the  teeth  ;  by  the  proportions  and 
mode  of  connection  of  the  premaxillaries,  maxLllaries,  nasals, 
pre-frontals  and  frontals ;  and  by  the  resultant  pecuKarly 
broad  and  depressed  character  of  the  skull,  the  bones  of  which 
also  present  the  same  well-marked  external  sculpturing  as  in 
the  Labyrinthodonts.  The  form  of  the  end  of  the  muzzle,  or 
upper  jaw,  in  the  Pictou  coal  specimen,  best  accord  with  that 
in  the  CapUosaurus  and  Metqpias  of  Von  Meyer  and  Bur^ 
meister ;  but  the  orbits  had  been  evidently  larger  and  of  a 
different  form  than  in  the  reptUes  so  called. 

Being  thus  introduced  at  the  carboniferous  period  to  the 
labyrinthodont  order,  which  attained  its  full  development  in  the 
triassic  period,  the  more  decisive  evidences  and  typical  illustra- 
tions of  that  extinct  group  of  reptiles  will  next  be  described. 

At  the  period  of  the  deposition  of  the  new  red  sandstone, 
in  the  present  counties  of  Warwick  and  Cheshire,  the  shores 
of  the  ancient  sea,  which  were  then  formed  by  that  sandy 
deposit,  were  trodden  by  reptiles  having  the  essential  bony 
characters  of  the  modem  Batrackia^  but  combining  these  with 
other  bony  characters  of  crocodiles,  lizards,  and  ganoid  fishes  ; 
and  exhibiting  aU  imder  a  bulk  which,  as  made  manifest  by 
the  fossils  and  footprints,  rivalled  that  of  the  largest  crocodiles 
of  the  present  day.  The  form  of  the  Labyrinthodonts,  if  we 
may  judge  by  the  great  breadth  and  flatness  of  the  skull,  and 
the  proportions  of  certain  bones,  seems  to  have  been  something 
between  that  of  the  toad  and  land-salamander. 

The  smooth-skinned  Batrachians  have  no  fixed  type  of 
external  form  like  the  existing  higher  orders  of  reptiles,  but 
some,  as  the  broad  and  flat-bodied  toads  and  frogs,  most 
resemble  the  Chelonians,  especially  the  soft-skinned  mud- 
tortoises,  (Trionyx) ;  other  Batrachians,  as  the  CceciluBy  resemble 
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Ophidians ;  a  third  group,  as  the  newts  and  salamanders, 
represent  the  Lacertians ;  and  among  the  pereunibranchiate 
reptiles  there  are  aj>ecies  (Siren)  which  combine  with  external 
gda  the  mutilated  condition  of  the  apodal  fishes. 

Thus  it  will  be  perceived  that,  even  if  the  entire  skeleton 
of  a  Labyrinthodont  had  been 
obtained,  there  is  no  fixed  or 
characteristic  general  outward 
form  in  the  existing  Batrachian 
order  whereby  ita  affinity  to 
that  group  could  have  been  de- 
termined. The  common  cha- 
)  ractera  by  which  the  Batra- 
chians,  so  diversified  in  othev 
respecta,  are  naturally  asso- 
ciated into  one  group  or  sub- 

,     '     '.         ,      ,    .  class  of  reptiles,  besides  being 
Cnuuum  anJ  upper  j«w  ftiul  toetb  "•,.,.  ,, 

the  Menopone  f^ltenopoma         taken  from  developmental  phe- 
aueg     nuate).  nomeoa,  and  from  the  circulate 

ing,  generative,  and  other  perishable  oi^ans,  are  manifested 
in  modifications  of  the  skeleton,  and  principally  in  the  ekull. 
This  is  jomed  to  the  atlas  by  the  medium  of  two  tubercles 
(fig.  85,  d,  d),  developed  exclusively  from  the  ex-occipitals ; 
the  bony  palate  is  formed  chiefly  by  two  broad  and  flat 
bones  (th.  e),  called  "  vomerine,"  and  generally  supporting 
teeth.  It  is  only  in  the  Batrachians  among  existii^  reptiles 
that  examples  are  found  of  two  or  more  rows  of  teeth  on  the 
same  bone,  especially  on  the  lower  jaw  (Cteciiia,  Siren). 
Vertebral  characters  are  here  of  less  valua  Some  Batraehians 
have  the  vertebne  united  by  ball-and-socket  joints,  with  the 
cup  behind  (Pipa),  or  in  front  (Rana),  as  in  most  recent  rep- 
tiles ;  others  have  biconcave  vertebral  joints,  as  in  a  few  recent 
and  most  extinct  Saurians.  Some  species  have  ribs,  others  want 
those  appendages;  the  possession  of  ribs,  therefore,  even  if 
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longer  than  those  of  the  CtBcUia,  by  a  fossil  reptile  combiniDg 
therewith  all  the  essential  batrachian  characters  of  the  skiill, 
would  not  be  sufficient  ground  for  pronouncing  such  reptile  t^i 
be  a  lizard  or  crocodile.    Much  less  could  its  saurian  nature  be 
pronounced  from  the  cir- 
cumstance of  its  possessing 
large  conical  striated  teeth : 
the  ordinary  characters  of 
size,  form,  number,  and  even 
of  presence  or  absence  of 
teeth,  vary  much  in  existing 
Batrachians ;  and  the  loca- 
tion of  teeth  on  the  vomer- 
ine bones  is  the  only  dental 
character    in   which    they 
differ  &om  all  other  orders 
of  reptOes. 

The  writer's  acquaintance 
with  the  remarkable  fossils 
under  consideration  was  be- 
gun by  the  examination,  in 
1840,  of  portions  of  teeth 
from  the  new  red  sandstone 
of  Cotton  End  quarry,  War- 
wickshire. The  external 
characters  of  these  teeth 
corresponded  with  those  (fig. 
86)  which  had  previously  Y\g,  96. 

been   discovered  by  Profes-  Canine  looth  of  the  Labgnnthodo»  Jagaeri 
sor  Ja^r  in  the  German  '"'  '  ''^'' 

Keuper  formation  in  Wirtemberg,  and  on  which  the  genus 
Maatodonaawrus  had  been  founded. 

The  results  of  a  microscopic  examination  of  the  teeth  of  the 
Masf^idonsawna  from  the  German  Keuper,  and  of  those  from 
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the  new  red  sandstone  of  Warwickshire,  proved  that  the  teeth 
from  both  localities  possessed  in  common  a  very  remarkable 
and  complicated  structure  (fig.  87* ),  to  the  principle  of  which, 
— yiz,y  the  convergence  of  numerous  inflected  folds  of  the 
external  layer  of  cement  towards  the  pulp-cavity, — a  very 
slight  approach  was  made  in  the  fang  of  the  tooth  of  the 
IchthyosauruSy  whilst  a  closer  approximation  to  the  labyrinthic 
structure  in  question  was  made  by  the  teeth  of  several  species 
of  ganoid  fishes,  and  by  those  of  Archegosaurvs. 

Thus,  inasmuch  as  the  extinct  animals  in  question  mani- 
fested in  the  intimate  structure  of  their  teeth  an  affinity  to 
fishes,  it  might  be  expected  that,  if  they  actually  belonged  to 
the  class  of  reptiles,  the  rest  of  their  structure  would  manifest 
the  characters  of  the  lowest  order, — ^viz.,  the  BcUrachicif  the 
existing  members  of  which  pass,  though  not  by  the  dental 
character  alluded  to,  yet  by  so  many  other  remarkable  degra- 
dations of  structure,  towards  fishes. 

In  the  same  formation  in  Wirtemberg  from  which  the 
labyrinthic  teeth  of  the  so-called  Mastodonsavrus  had  been 
derived,  more  or  less  complete  crania  of  the  same  animal 
were  afterwards  obtained,  shewing  the  development  of  a  separ 
rate  condyle  on  each  exoccipital  bone,  and  a  divided  vomer, 
with  a  row  of  teeth  on  each  half.  The  following  fossils, 
from  the  new  red  sandstone  of  Warwickshire,  gave  additional 
proof  of  the  batrachoid  nature  of  the  genus,  with  evidence  of 
five  species,  viz.,  1.  Lahyrinthodon  JcLgaeri ;  2.  L.  Iqptogna- 
thvs;  3.  L,  pachygnathtLS  ;  4.  L.  ventricosits  ;  and  5.  L,  scutvr^ 
lotus.  Additions  to  the  group  of  Eeptiles  so  exemplified 
have  since  been  so  numerous  that  the  name  of  the  genus  has 
been  successively  raised  to  that  of  a  family  and  an  order. 

The  Lahyrivihodon  {Mastodonsaurus)  Jagaeri  is  the  largest 
known  species,  having  a  skull  of  upwards  of  three  feet  in 
length,  and  nearly  two  feet  in  breadth.    Its  limbs  might  well 

•  Owen's  Odontographj,  p.  195,  pi.  64. 
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have  left  impiessions  of  tlie  size  of  those  in  the  Cheshire 
sandstones,  described  and  figured  by  f^rton  as  of  the  Cheiro- 
Ikmum  HereuUs.  A  lower  jaw  has  been  found  in  the  "  New 
Red"  of  "  Guy's  Cliff,"  Warwickshire :  a  tooth  of  the  natural 
size  is  represented  in  fig.  86. 


Fig.  87. 
TniUTerae  eection  of  a  tooth  of  the  Lc^yrmthodtm  (nAgn.} 

The  Laliyrintkodon  Itptognaikus  is  kuown  by  fragments  of 
the  upper  and  lower  jaws,  two  vertebrae,  and  a  sternum.  They 
were  found  in  tlie  new  red  sandstone  qiiarries  at  Coton  End  near 
Wwrwick.  The  vertebra  has  deep  articular  cavities  at  both  ex- 
tremities of  the  body ;  the  neural  arch  is  anchylosed  with  the 
centrum.  From  each  side  of  its  base  a  thick  and  strong 
transverse  process  extends  obliquely  outwards  and  upwards. 

The  sternal  bone  consists  of  a  body,  which  gradually 
thickens  to  the  fore  or  upper  end,  where  cross  pieces  are 
given  off  at  right  angles  to  the  stem,  each  with  a  groove 
for  the  articulation  of  clavicles. 
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The  modifications  of  the  jaws,  and  more  especially  those  of 
the  bony  palate,  are  batrachian  :  in  the  collocation  of  the  larger 
fangs  at  the  anterior  extremities  of  the  jaws,  there  is  a  resem- 
blance to  the  PlesiosauTUS ;  and  in  one  part  of  the  dental 
structure,  in  the  form  of  the  epistemum,  and  the  bi-concave 
vertebKB,  to  the  IclUhyosaurus.  By  the  anchylosis  of  the 
base  of  the  teeth  to  distinct  and  shallow  sockets,  Lahyrin- 
thodon  resembles  the  Sphyraena  and  certain  other  fishes. 
From  the  absence  of  any  trace  of  excavation  at  the  inner 
side  of  the  base  of  the  functional  teeth,  or  of  alveoli  of  reserve 
for  the  successional  teeth,  it  may  be  concluded  that  the  teeth 
were  reproduced,  as  in  the  lower  Batrachians  and  in  many 
fishes,  in  the  soft  mucous  membrane  which  covered  the 
alveolar  margin,  and  that  they  subsequently  became  fixed 
to  the  bone  by  anchylosis,  as  in  the  pike  and  Lophius. 

Laiyrvnihodon  pachygnathvs, — The  remains  of  this  species, 
which  have  been  obtained,  consist  of  portions  of  the  lower  and 
upper  jaws,  an  anterior  frontal  bone,  a  fractured  humerus,  an 
ilium  with  a  great  part  of  the  acetabulum,  the  head  of  a  femur, 
and  two  ungual  phalanges.  A  portion,  nine  and  a  half  inches 
long,  of  a  right  ramus  of  a  lower  jaw,  in  addition  to  the  cha- 
racters conunon  to  it  and  the  fragment  of  the  lower  jaw  of  the 
L.  leptogTiathuSy  in  the  structure  of  the  angulax  and  dentary 
pieces,  shews  that  the  outer  wall  of  the  alveolar  process  is  not 
higher  than  the  inner.  The  smaller  serial  teeth  are  about 
forty  in  number,  and  gradually  diminish  in  size  as  they 
approach  both  ends  of  the  rew.  The  sockets  are  close  to- 
gether, and  the  alternate  ones  are  empty.  The  great  laniary 
teeth  were  apparently  three  in  each  symphysis,  and  the  length 
of  the  largest  was  one  inch  and  a  half.  The  base  of  each  tooth 
is  anchylosed  to  the  bottom  of  its  socket^  as  in  scomberoid  and 
saureid  fishes ;  but  the  Lahyrinthodon  possesses  a  still  more 
ichthyic  character  in  the  continuation  of  a  low  of  small  teeth 
anterior  and  external  to  the  two  or  three  larger  tusks. 
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The  remains  of  the  cranium  of  the  L.  pachygncUhuSy  shew 
that  it  had  subterminal  nostrils,  leading  to  a  wide  and  shallow 
nasal  cavity,  separated  by  a  broad  palatal  flooring  from  the 
cavity  of  the  mouth,  the  passage  being  horizontal,  and  the 
internal  apertures  placed  behind  the  external  nostrils,  whereas 
in  the  air-breathing  Batrachia  the  nasal  meatus  is  short  and 
vertical,  and  the  internal  apertures  pierce  the  anterior  part  of 
the  palate,  suitable  to  their  mode  of  breathing  by  deglutition. 
It  may  be  inferred,  therefore,  that  the  apparatus  for  breathing 
by  inspiration  must  have  been  present  in  the  LabyrinthadoUy 
and  that  the  skeleton  will  be  found  to  be  provided  with  well- 
developed  costal  ribs. 

Of  the  few  bones  of  the  extremities  which  have  come  under 
the  writer's  inspection,  one  presents  all  the  characteristics  of 
the  corresponding  part  of  the  humerus  of  a  toad  or  frog,  viz., 
the  convex,  somewhat  transversely  extended  articular  end,  the 
internal  longitudinal  depression,  and  the  well-developed  del- 
toid ridge.  In  its  structure,  as  well  as  in  its  general  form,  the 
present  bone  agrees  with  the  batrachian,  and  differs  from  the 
-crocodilian  type.  The  two  toe-bones,  or  terminal  phalanges, 
resemble  those  of  Batrachians  in  presenting  no  trace  of  a  naU, 
and  from  their  size  tliey  may  be  referred  to  the  hind  feet  of 
the  L.  pachygnathus. 

In  the  right  ilium,  about  six  inches  in  length,  and  in  the 
acetabulum,  there  is  a  combination  of  crocodilian  and  batra- 
chian characters.  The  acetabular  cavity  is  bounded  on  its 
upper  part  by  a  produced  and  sharp  ridge,  as  in  the  frog,  and 
not  emarginate  at  its  anterior  part,  as  in  the  crocodile- 
As  the  fragment  of  the  ilium  was  discovered  in  the  same 
•block  as  the  two  fragments  of  the  cranium  and  the  portion  of 
.the  lower  jaws,  it  is  probable  that  they  may  have  belonged  to 
the  same  animal ;  and  if  so,  as  the  portions  of  the  head  corres- 
pond in  size  with  those  of  the  head  of  a  crocodile  six  or  seven 
feet  in  length,  but  the  acetabular  cavity  with  that  of  a  crocodile 
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twenty-five  feet  in  length,  then  the  hinder  extremities  of  the 
Lahyrinthodon  must  have  been  of  disproportionate  magnitude 
compared  with  those  of  existing  Saurians,  but  of  approximate 
magnitude  with  some  of  the  living  anourous  Batrachians. 
That  such  a  reptile,  of  a  size  equal  to  that  of  the  species 
whose  remains  have  just  been  described,  existed  at  the  period 
of  the  formation  of  the  new  red  sandstone,  is  indicated  by 
those  singular  impressions  to  which  the  term  Cheirotherium 
has  been  applied. 

Labyrintlwdon  {Bhombopholis)  sctUulatus. — ^The  remains  to 
which  this  designation  is  applied  compose  a  closely  and 
irregularly  aggregated  group  of  bones  imbedded  in  sandstone, 

and  manifestly  belonging 
to  the  same  skeleton ;  they 
consist  of  four  vertebrae, 
portions  of  ribs,  a  humerus, 
^*s-  ^^'  a  femur,  two  tibise,  one  end 

several  small  osseous  externally  sculptured,  rhomboid  dermal 
scutes  (fig.  88,  3).  They  were  discovered  in  the  new  red  sand- 
stone at  Leamington  in  1840  * 

The  vertebrae  (fig.  88,  i, »)  present  biconcave  articular  6xu> 
faces  as  in  other  Labyrinthodonts.  In  two  of  them  the 
surfaces  slope  in  a  parallel  direction  obliquely  from  the  axis 
of  the  vertebne,  as  in  the  dorsal  vertebra  of  the  frog,  indi- 
cating a  habitual  inflexion  of  the  spine,  analogous  to  that  in 
the  humped  baxjk  of  the  frog.  The  neurapophyses  are  anchy- 
losed  to  the  vertebral  body.  The  spinous  process  rises  from 
the  whole  length  of  the  middle  line  of  the  neurapophysial 
arch,  and  expands  at  its  elongated  summit  into  a  horizontally- 
flattened  plate,  sculptured  irregularly  on  the  upper  surface. 
A  similar  flattening  of  the  summit  of  the  elongated  spine  is 

*  Trans.  Geol.  Soc,  vol.  vi.,  pi.  46.    The  term  Anisaput  there  proposed  had 
been  pre-engaged  by  Meigen  for  a  genus  of  insects. 
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exhibited  in  the  large  atlas  of  the  toacL  The  body  of  the 
vertebra  agrees  with  that  of  the  L.  leptognathus.  The  humerus 
is  regularly  convex  at  the  proximal  extremity.  A  portion 
of  a  somewhat  shorter  and  flatter  bone  is  bent  at  a  subacute 
angle  with  the  distal  extremity,  and  resembles  most  nearly 
the  anchylosed  radius  and  ulna  of  the  Batrachia. 

The  femur  has  a  subtrihedral  and  slightly  bent  shaft,  its 
walls  are  thin  and  compact,  including  a  large  medullary 
cavity.  The  tibiae  exhibit  that  remarkable  compression  of 
their  distal  portion  which  characterizes  the  corresponding 
bone  in  the  Batrachia ;  they  likewise  have  the  longitudinal 
impression  along  the  middle  of  the  flattened  surface.  The 
characters  of  the  above-defined  Labyrinthodont  appear  to  be  of 
subgeneric  value,  which  is  indicated  by  the  term  Rhonibopholis. 
Corresponding  diflferences  in  the  forms  and  proportions  of  the 
skull,  and  in  the  form  and  relative  position  of  the  orbits,  of 
specimens  that  have  been  discovered  subsequently  in  the 
triassic  sandstones  of  Germany,  have  been  similarly  interpreted. 

In  the  LcAyrinfhodoTi  {MastodoTvsawrus)  Jaegeri — the 
laigest  of  the  species.  The  skull,  discovered  in  the  lower 
Keuper  of  Wurtembeig,  is  triangular,  the  two  condyles  pro- 
jecting &om  the  middle  of  the  base ;  the  sides  are  straight^ 
and  converge  to  the  obtuse  apex.  The  orbits  are  oval, 
narrowest  anteriorly,  and  are  situated  nearly  midway  between 
the  fore  and  back  part  of  the  skuIL  The  nostrils  are  very 
small,  and  are  as  wide  apart  as  the  orbits. 

Ldbjfrinthodon  (Trematosayrus)  Brauniiy  Von  Meyer. — 
The  genus  was  founded  on  a  skull  discovered  in  the  hunter- 
sandstein  of  Bembourg.  It  is  about  one  foot  long,  and,  rela* 
tively  to  its  basal  breadth,  longer  and  narrower  than  in  i, 
Jaegerly  the  sides  conveiging  at  a  more  acute  angle.  The 
orbits  are  elliptical,  situated  in  the  middle  of  the  skull,  and 
wider  apart  than  in  L.  Jaegeri ;  the  nostrils  are  relatively 
nearer  together  than  in  that  species.    There  are  a  pair  of  pre- 
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inaxillo-palatine  foramina  as  in  the  frog  and  toad :  behind 
these  are  the  inner  apertures  of  the  nostrils  ;  and  then  follow 
a  pair  of  unusually  large  pterygo-palatal  vacuities. 

Ldbyrinthodon  (Metopias*)  diagnosticuSy  H.  von  M. — In 
this  species  the  skull  is  broader  in  proportion  to  its  length 
than  in  the  foregoing  ;  the  sides  are  convex  as  they  converge 
to  the  obtuse  muzzle.  The  orbits  are  small,  of  a  wide  ellip- 
tical form,  situated  in  the  anterior  third  of  the  skull ;  they 
are  twice  as  wide  apart  as  aje  the  nostrils.  The  parietal 
fommen  is  near  the  occipital  ridge.  The  remains  of  this 
species  are  from  the  upper  beds  of  the  keuper  sandstone  in 
Wurtembenj. 

The  Lahyrinthodon  {Capitosaurvs)  arenacevs^  Munster,  is 
distinguished  by  a  broader  and  almost  truncate  muzzle.  The 
orbits  are  elliptic,  and  situated  almost  wholly  in  the  hinder 
third  of  the  cranium;  their  interspace  is  the  same  as  that 
between  the  nostrils,  which  are  relatively  as  lai^e  as  in  X. 
Braunii.  The  premaxillo-palatine  foramina  are  blended  into 
one  transversely  oval  foramen. 

The  name  Zygosaurus  was  applied  by  Eichwald  to  a  laby- 
linthodont  reptile  from  the  Permian  cupriferous  beds  «t  Oren- 
burg. It  has  the  parabolic  skull  of  L.  Jaegeri  and  i.  diag- 
iiosticus  ;  the  orbits  are  large,  and  divided  by  an  interval  less 
than  their  own  diameter.  The  temporal  fossse  are  relatively 
larger,  and  bounded  by  stronger  zygomatic  arehes,  and  seem 
not  to  have  been  roofed  over  by  bone.  The  dentition  is 
strictly  labyrinthodont. 

The  LcLbyrinthodofi  Bitcklandi,  Lloyd,  is  from  a  sandstone, 
near  Kenilworth,  regarded  by  Professor  Bamsay  as  of  Permian 
antiquity. 

Odontosaurus  Voltzii  is  a  genus  and  species  founded  by 
von  Meyer  on  a  portion  of  a  lowel*  jaw,  containing  fifty  teeth 
lodged  in  rather  a  deep  groove,  but  apparently  presenting  the 

*  This  generic  term  has  been  applied  to  another  foSHil  by  Eichwald. 
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labyrinthic  structure.  -  The  specimen  is  from  the  hunter  sand- 
stone of  Soultz-les-Bains. 

Xestorrhytias  Perrini. — ^By  this  name  M.  von  Meyer  would 
indicate  certain  flat  cranial  bones,  sculptured  like  those  of 
LabyrirUhodony  but  with  a  peculiarly  polished  ganoid-like  sur- 
face,  from  the  muschelkalk  of  Lun^ville. 

In  all  the  foregoing  forms  of  Labyrinthodonts,  represented 
by  complete  crania,  with  the  exception  perhaps  of  Zygomurus^ 
the  supplemental  osseous  plates  roofing  over  the  temporal 
fossae  are  present,  as  in  Archegosaurvsy  viz.,  the  "  post-orbital" 
and  the  "  supeivsquamosal''  bones.  The  occipital  condyles 
are  distinct,  forming  a  pair ;  and  the  vomer  is  divided  and 
usually  bears  teeth.  The  pattern  of  the  sculpturing,  although 
pitted  near  the  centre  of  ossification  of  the  cranial  bone, 
soon  becomes  reticulate  and  then  radiate.  The  upper  surface 
of  the  skull  is  also  impressed  by  wavy  (mucous?)  canals, 
symmetrically  disposed. 

The  relation  of  these  remarkable  reptiles  to  the  saurian 
order  has  been  advocated  to  be  one  of  close  and  true  affinity, 
chiefly  on  the  character  of  the  extent  of  ossification  of  the 
skull,  and  of  the  outward  sculpturing  of  the  cranial  bones. 
But  the  true  nature  of  some  of  these  bones  appears  to  have 
been  overlooked,  and  the  glance  of  research  for  analogous 
structures  has  been  too  exclusively  upward.  If  directed 
downward  from  the  Labyrinthodonts  to  the  Archegomuri  and 
certain  ganoid  fishes,  it  suggests  other  conclusions. 

The  conformity  of  pattern  in  the  dermal,  semidermal, 
or  neurodermal  bones  of  the  outwardly  well-ossified  skull 
of  PolyptervSy  LqndostevSf  Sturioy  and  other  ganoid  fishes, 
with  well-developed  limg-like  air-bladders,  and  in  the  same 
sktOl-bones  of  Archegomurvs  and  the  Labyrinthodonts ;  the 
persistence  of  the  notochoixl  in  ArcJiegasauruSy  as  in  Sturio; 
th^  persistence  of  the  notochord  and  branchial  arches 
in  ArchegosaurtiSy  as  in  Lepidosiren;    the  absence  of  occi- 
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pital  condyle  or  condyles  in  ArchegosauruSy  as  in  Lepido- 
siren;  the  presence  of  labyrinthic  teeth  in  Archegosaurus, 
as  in  Lepidosteus  and  Lahyrinthodon ;  the  large  median 
and  lateral  throat-plates  in  ArcliegomuruSy  as  in  Megalichthys 
and  in  the  modern  Arapainia  and  Lepidosteus; — ^all  these 
characters  point  to  a  gi-eat  natural  group  or  series,  shewing 
the  gradations  of  development  which  link  and  blend  together 
fishes  and  reptiles  within  the  limits  of  such  group.  The  sala- 
mandroid  (or  so-called  **  sauroid*^  Gkinoids — Lepidosteus  and 
Polypterus — are  the  most  ichthyoid,  the  true  Labyrinthodonts 
ai'e  the  most  sauroid  of  the  group.  The  Lepidasiren  and 
Arcliegosaurus  are  intermediate  gradations,  one  having  more 
of  the  piscine,  the  other  more  of  the  reptilian,  characters. 
The  Archegosaurus  conducts  the  march  of  development  from 
the  ganoid  fishes  to  the  labyrinthodont  type,  the  Lepidasiren 
to  the  perennibranchiate  type.  Both  illustrate  the  artificiality 
of  the  supposed  class-distinction  between  fishes  and  reptiles, 
and  the  unity  of  the  **  Haematocrya,"  or  cold-blooded  Verte- 
brata,  as  a  natural  group.  There  is  nothing  in  the  known 
structure  of  the  so-named  ArcJiegosav/rus  or  Mastodon9aurus 
that  truly  indicates  a  belonging  to  the  saurian  or  crocodilian 
order  of  reptiles.  The  exterior  ossifications  of  the  skull  and 
the  canine-shaped  labyrinthic  teeth  are  both  examples  of  the 
salamandroid  modification  of  the  ganoid  type  of  fishes.  The 
Oanocephala  and  LabyrirUhodorUia  characterize  the  transitional 
period  between  the  palseo-  and  mezo-zoic  epochs. 

Order  3. — Ichthtoptertgia.* 

The  bones  of  the  head  stiU  include  the  supplementary  ^post- 
orbitals'^  and  ^ supra-temporals,"  and  there  is  a  ^fora- 
men parietale ;"  but  there  are  small  temporal  and  other 
.  vacuities  between  the  cranial  bones,  a  single  convex 
occipital  condyle,  and  one  vomer  which  is  edentulous. 

•  iX^it,  a  fish;  wrift^,  a  fin. 
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Vertebral  centra,  ossified,  biconcave ;  joined  by  syndes- 
mosis, not  by  suture,  to  their  neural  arcL  Pleura- 
popbyses  of  the  trunk  long  and  bent,  the  anterior  ones 
with  bifurcate  heads.  Teeth  with  convei^ng  folds  of 
cement  at  their  base  ;  implanted  in  a  common  alveolar 
groove,  and  confined  to  the  maxillary,  premaxillaiy, 
and  premandibular  bones.  Premaxillaries  much  exceed- 
ing the  maxiUaries  in  size.  Orbit  very  large  ;  a  circle 
of  sclerotic  plates.  Nostrils  near  the  orbits.  limbs 
natatory;  with  more  than  five  multi-articulate  digits^ 
An  epistemum  and  clavicles.    "So  sacrum. 

With  the  retention  of  characters  which  indicate,  as  in  the 
preceding  orders,  an  affinity  to  the  higher  (ranoidei,  the  pre- 
sent exclusively  marine  BeptUia  more  directly  exemplify 
the  Ichthyic  type  in  the  proportions  of  the  premaxillaiy  and 
maxiUaiy  bones ;  in  the  shortness  (fig.  92,  c)  and  great  number 
of  the  biconcave  vertebrae ;  in  the  length  of  the  pleurapophyses 
of  the  vertebrae  near  the  head;  in  the  large  proportional  size 
of  the  eyeball  with  its  well-ossified  sclerotic  coat ;  and  especi- 
ally in  the  structure  of  the  pectoral  and  ventral  fins. 

It  has  been  usual  to  unite  the  present  with  the  following 
order  in  the  same  group,  called  Encdiomuria  or  sea-lizards. 
Both  were  adapted  for  marine  life,  but  breathed  the  air  like 
the  Cetacea :  they  were,  however,  **  cold-blooded,*  or  of  a  low 
temperature,  like  crocodiles  and  other  reptiles.  The  proof 
that  the  Enaliosaurs  respired  atmospheric  air  immediately, 
and  did  not  breathe  water  by  means  of  gills  like  fishes,  is 
afforded  by  the  absence  of  the  bony  framework  of  the  gill- 
apparatus,  by  the  presence,  position,  and  structure  of  the 
aiiypassages  leading  from  the  nostrils  to  the  mouth,  and 
by  the  bony  mechanism  of  the  capacious  chest  or  thoracic- 
abdominal  cavity ;  all  of  which  characters  have  been  demon- 
strated by  their  fossil  skeletons.    With  these  characters  the 


220  PALiEONTOLOGY. 

sea-lizards  combined  the  presence  of  two  pairs  of  limbs  shaped 
liked  fins,  and  adapted  for  swimming.  The  thoracic-abdominal 
cavity  being  encompassed  by  movable  ribs,  distinguishes 
them  from  the  Batrachia  and  Chelonia  with  fin-shaped  limbs. 

The  EnaHosauriOy  being  associated  chiefly  by  the  loco- 
motive organs  relating  to  the  medium  of  life,  admit  of  sub- 
<livision  into  two  orders  by  the  modifications  of  those  organs. 
One  is  characterized  by  having  five  digits  in  the  fin,  the  other 
by  having  more  than  that  typical  number.  Tlie  pentadactyle 
division  may  be  subdi\dded  into  those  in  which  the  ilio-pubic 
arch  is  attached  to  a  sacrum  and  those  on  which  it  is  freely 
suspended  or  not  so  attached.  The  polydactyle  division  pre- 
sents a  general  type  of  structure  more  conformable  with  that 
of  which  the  Archegosaurs  and  Labyrinthodonts  manifest  two 
phases  of  development,  and  in  which  the  ascent  fix)m  the 
gano-salamandroid  fishes  reaches  its  culminating  point  in 
IchthyosaurtLS. 

Genus  Ichthyosaurus. — The  name  (from  the  Greek  ichthysy 
a  fish,  and  sauros^  a  lizard)  was  devised  to  indicate  the  closer 
affinity  of  the  Ichthyosaur,  as  compared  with  the  Plesiosaur,  to 
the  class  of  fishes.  The  Ichthyosaur  (fig.  89)  is  remarkable  for 
the  shortness  of  the  neck  and  the  equality  of  the  width  of  the 
back  of  the  head  with  the  front  of  the  chest,  impressing 
the  observer  of  the  fossil  skeleton  with  a  conviction  that  the 
ancient  animal  must  have  resembled  the  whale  tribe  and  the 
fishes,  in  the  absence  of  any  intervening  constriction  or  neck. 

This  close  approximation  in  the  Ichthyosaurs  to  the  form  of 
the  most  strictly  aquatic  vertebrate  a.nima1s  of  the  existing 
creation,  is  accompanied  by  an  unusual  number  and  shortness 
of  the  vertebrsB,  as  in  sharks ;  and  by  a  similar  modification 
of  the  surfaces  forming  the  joints  of  the  back-bone,  each  of 
which  surfaces  are  hollow,  leading  to  the  inference  that  they 
were  originally  connected  together  by  an  elastic  bag  or  **  cap- 
sule" filled  with  fluid— a  structure  which  prevails  in  the  class 
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of  fishes,  in  the  LabyriDthodonte,  and  in  the  existing  pereni 
hranchiate  Batrachia,  but  not  in 
any  of  the  whale  or  porpoise 
tribe. 

With  the  above  modifications 
of  the  bead,  trnnk,  and  IJmhs  in 
relation  to  swimming,  the  atruc- 
ture  of  the  tail  corresponds.  The 
bones  of  this  part  are  more  nu- 
merous than  in  the  Flesiosaurs, 
and  the  entire  tail  is  conse- 
quently longer ;  but  it  does  not 
shew  any  of  those  modifications 
that  characterize  the  bony  sup- 
port of  &e  tail-fin  in  fishes.  The 
caudal  vertebne  of  the  lekiht/o- 
saurus  gradually  decrease  in  size 
to  the  end  of  the  tail,  where  they 
assume  a  compressed  form,  or  aie 
flattened  from  side  to  side,  and 
thus  the  tail,  instead  of  being 
short  and  broad  as  in  fishes,  is 
lengthened  out  as  in  crocodiles. 

The  very  frei^uent  occurrence 
of  a  fiacture  of  the  tail,  about 
one-fourth  of  the  way  from  its 
extremity,  in  well  preserved  and 
entire  fossil  Bkeletons,  ia  owing  to 
that  proportion  of  the  end  of  the 
tail  having  supported  a  cutaneous 
and  perishable  caudal  fin.*  The 
only  evidence  which  the  fossil 

•  Trans.  Geol.  Soc.,  ad  reries,  vol,  y.,  \^    / 

p.  611.  ' 
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skeleton  of  a  whale  would  yield  of  the  powerful  hori- 
zontal tail-fin  characteristic  of  the  living  animal,  is  the  de- 
pressed or  horizontally-flattened  form  of  the  bones  supporting 
such  fin.  It  is  inferred,  therefore,  from  the  corresponding 
bones  of  the  Ickthyosav/ras  being  flattened  in  the  vertical 
direction,  or  from  side  to  side,  that  it  possessed  a  tegu- 
mentary  tail  fin  expanded  in  the  vertical  direction.  The 
shape  of  a  fin  composed  of  such  perishable  material  is  of 
course  conjectural,  as  is  the  outline  in  fig.  89.  Thus,  in  the 
construction  of  the  principal  swimming  organ  of  the  Ichthyo- 
$av/rus  we  may  trace,  as  in  other  parts  of  its  structure,  a  combi- 
nation of  mammalian  (beasi>-like),  saurian  (lizard-like),  and 
piscine  (fish-like)  peculiarities.  In  the  great  length  and  gradual 
diminution  of  the  tail  we  perceive  its  saurian  character ;  in 
the  tegumentary  nature  of  the  fin,  unsustained  by  bony  fin- 
rays,  its  affinity  to  the  same  part  in  the  mammalian  whales 
and  porpoises  is  shewn ;  whilst  its  vertical  position  makes  it 
closely  resemble  the  tail-fin  of  the  fish. 

The  horizontality  of  the  tail-fin  of  the  whale  tribe  is 
essentitdly  connected  with  their  necessities  as  warm-blooded 
animals,  air-breathers  needing  ready  access  to  atmospheric 
air ;  without  the  means  of  displacing  a  mass  of  water  in 
the  vertical  direction  by  the  tail,  the  head  of  the  whale 
could  not  be  brought  with  the  required  rapidity  to  the  sur- 
face to  respire :  but  the  Ichthyosaurs,  not  being  warm- 
blooded or  qiuck  breathers,  would  not  need  to  bring  their 
head  to  the  surface  so  frequently  or  so  rapidly  as  the 
whale;  and  moreover,  a  compensation  for  the  want  of  hori- 
zontaliiy  of  their  tail-fin  was  provided  by  the  addition  of  a 
pair  of  hind  paddles,  which  are  not  present  in  the  whale  tribe. 
The  vertical  fin  was  a  more  efficient  organ  in  the  rapid  cleav- 
ing of  the  liquid  element^  when  the  Ichthyosaurs  were  in  pur- 
suit of  their  prey,  or  escaping  from  an  enemy. 

The  general  form  of  the  cranium  of  the  Ichihyosawrus 
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resembles  that  of  the  ordinaiy  cetaceous  dolphiu  {Ddphinus 
tursio) ;  but  the  7.  tenuirostris  rivals  the  Delphimis  gangeticm 
in  the  length  and  slendemess  of  the  jaws.  The  essential 
difference  in  the  sea-ieptile  lies  in  the  restricted  size  of  the 
cerebral  cavity,  and  the  vast  depth  and  breadth  of  the  zygo- 
matic  archeSy  to  which  the  seeming  expanse  of  the  cranium  is 
due ;  still  more  in  the  persistent  individuality  of  the  elements 
of  those  cranial  bones  which  have  been  blended  into  such 
single  bones  in  the  sea-mammaL  The  IdUhyosav/nis  further 
differs  in  the  great  size  of  the  premaxillaiy  and  small  size  of  the 
maxillary  bones,  in  the  lateral  aspects  and  antorbital  position 
of  the  nostrils,  in  the  immense  size  of  the  orbits,  and  in  the 
large  and  numerous  sclerotic  plates,  which  latter  structures  give 
to  the  skull  of  the  IMhyosaurus  its  most  striking  features. 

The  true  affinities  of  the  Ichthyosaur  are,  however,  to  be 
elucidated  by  a  deeper  and  more  detailed  comparison  of  the 
structure  of  the  skull ;  and  few  collections  now  afford  richer 
materials  for  pursuing  and  illustrating  such  comparisons  than 
the  palaeontological  series  in  the  British  Museum.*  The  two 
supplemental  bones  of  the  skull,  which  have  no  homologues 
in  AYiaHng  Crocodilians^  are  the  post-orbital  and  super-squa- 
mosal;  both,  however,  are  developed  in  Archegosawnis  and 
the  Labyrintihodonts.  The  post-orbital  is  the  homologue  of 
the  inferior  division  of  the  post-frontal  in  those  Lacertians — 
€.g^  Iguana^  Tegus,  Ophisawnis^  AngwiSy  in  which  that  bone  is 
said  to  be  divided ;  but  in  IcJUhyosawms  it  more  resembles  a 
dismemberment  of  the  malar.  Its  thin  obtuse  scale-like  lower 
end  overlaps  and  joins  by  a  squamous  suture  the  hind  end  of 
the  malar :  the  post-orbital  expands  as  it  ascends  to  the  middle 
of  the  back  of  the  orbit,  then  gradually  contracts  to  a  point  as 
it  curves  upward  and  forward,  articulating  with  the  super-squa- 

•  The  anatomical  reader  is  referred  to  tbe  writer**  "Report  on  British 
Fossil  Reptiles/'  Trans.  Brit.  Assoc.  1839,  and  to  the  Annals  and  Magazine  of 
Natural  History,  1858;  p.  388. 
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mosal  and  post-frontal.  The  super-squamosal  may  be  in  like 
manner  regarded  as  a  dismemberment  of  the  squamosal ;  were 
it  confluent  therewith,  the  resemblance  which  the  bone  would 
present  to  the  zygomatic  and  squamosal  parts  of  the  mam- 
malian temporal  bone  would  be  very  close ;  only  the  squa- 
mosal part  would  be  removed  from  the  inner  wall  to  the  outer 
wall  of  the  temporal  fossa.  The  super-squamosal,  in  fact,  occu- 
pies the  position  of  the  temporal  fascia  in  Mammalia^  and 
should  be  regarded  as  a  supplemental  sclero-dermal  plate, 
closing  the  vacuity  between  the  upper  and  lower  elements  of 
the  zygomatic  arch,  peculiar  to  certain  air-breathing  Ovijpara, 
In  the  Ichthyosaurus  it  is  a  broad,  thin,  flat,  irregulai^shaped 
plate,  smooth  and  slightly  convex  externally,  and  wedged  into 
the  interspaces  between  the  post-frontal,  post-orbital,  squa- 
mosal, tympanic,  and  mastoid. 

.  The  principal  vacuities  or  apertures  in  the  bony  walls  of 
the  skull  of  the  Ickthyosaurus  are  the  following: — In  the 
posterior  region  the  ^  foramen  magnum,"  the  occipito-parietal 
vacuities,  and  the  auditory  passages;  on  the  upper  surface 
the  parietal  foramen  and  the  temporal  fossae ;  oU  the  lateral 
surfaces  the  orbits  and  nostrils,  the  plane  of  the  aperture  in 
both  being  vertical ;  on  the  inferior  surface  the  palato-nasal, 
the  pterygo-sphenoid,  arid  the  pterygo-malar  vacuities.  The 
occipito-parietal  vacuities  are  larger  than  in  Crocodilia,  smaller 
than  in  LacertUia;  they  are  bounded  internally  by  the  basi- 
ex-,  and  super-occipitals,  externally  by  the  parietal  and  mastoid. 
The  auditory  apertures  are  bounded  by  the  tympanic  and 
squamosal  The  tympanic  takes  a  greater  share  in  the  forma- 
tion of  the  **  meatus  auditorius''  in  many  lizards ;  in  crocodiles 
it  is  restricted  to  that  which  it  takes  in  IcJUhyosaurus. 

The  orbit  is  remarkable  for  its  large  proportional  size  and 
its  posterior  position ;  in  the  former  character  it  resembles 
that  in  the  lizards,  in  the  latter  that  in  the  crocodiles.  It  is 
formed  by  the  pre-  and  post-frontals  above,  by  the  lachrymal 
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in  front,  by  the  post-orbital  behind,  and  by  the  peculiarly  long 
and  slender  malar  bar  below.  In  crocodiles  and  in  most  lizards 
the  frontal  entei*s  into  the  formation  of  the  orbits,  and  in  lizards 
the  maxillary  also.  The  nostril  is  a  longish  triangular  aper- 
ture, with  the  narrow  base  behind ;  it  is  bounded  by  the 
lachrymal,  nasal,  maxillary,  and  pre-maxillary  bones.  It  is 
proportionally  larger  than  in  the  PUsiosauruSy  and  is  distant 
from  the  orbit  about  half  its  own  long  diameter.  Like  the 
orbit,  the  plane  of  its  outlet  is  vertical. 

The  pterygo-palatine  vacuities  are  very  long  and  narrow, 
broadest  behind,  where  they  are  bounded,  as  in  lizards,  by  the 
anterior  concavities  of  the  basi-sphenoid,  and  gradually  narrow- 
ing to  a  point  close  to  the  palatine  nostrils.  These  are  smaller 
than  in  most  lizards,  and  are  circumscribed  by  the  palatines, 
ecto-pterygoid,  maxillary,  and  premaxillary.  The  pterygo- 
malar  fissures  are  the  lower  outlets  of  the  temporal  fossse; 
their  sudden  posterior  breadth,  due  to  the  emargination  of  the 
pterygoid,  relates  to  the  passage  of  the  muscles  for  attachment 
to  the  lower  jaw.  The  parietal  foramen  is  bounded  by  both 
parietals  and  frontals ;  its  presence  is  a  mark  of  labyrinthodont 
and  lacertian  affinities ;  its  formation  is  like  that  in  Iguana 
and  BhyTichocephalus.  The  temporal  fossae  are  bounded  above 
by  the  parietal  internally,  by  the  mastoid  and  post-frontal 
externally;  they  are  of  an  oval  form,  with  the  great  end 
forward.  In  their  relative  size  and  backward  position  they 
are  more  crocodilian  than  lacertian. 

In  comparing  the  jaws  of  the  Ichthyosaurus  tenuirostris 
with  those  of  the  gangetic  Gharrial,  an  equal  degree  of  strength 
and  of  alveolar  border  for  teeth  result  from  two  very  diflTerent 
proportions  in  which  the  maxillary  and  premaxillary  bones 
are  combined  together  to  form  the  upper  jaw.  The  prolonga- 
tion of  the  snout  has  evidently  no  relation  to  this  difference ; 
and  we  are  accordingly  led  to  look  for  some  other  explanation 
of  the  disproportionate  development  of  the  premaxillaries  in 
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the  Ichthyosauri.  It  appears  to  me  to  give  additional  proof 
of  the  collective  tendency  of  the  affinities  of  the  Ichthyomv/ru-a 
to  the  labyrinthodont  and  lacertian  types  of  structure.  The 
backwaixl  or  antorbital  position  of  the  nostrils,  like  that  in 
vvliales,  is  related  to  their  marine  existence.  But  in  the  Laby- 
vinthodonts  and  Lacertians,  the  nostrils  being  pearer  the  fore 
part  of  the  head,  their  anterior  boundaries  are  formed  by  the 
premaxillaries ;  it  appeal's,  therefore,  to  be  in  conformity  with 
the  above-mentioned  affinities,  that  the  premaxillaries  of  the 
Ichthyosaur  should  still  enter  into  the  same  relation  with  the 
nostrils,  although  this  involves  an  extent  of  anterior  develop- 
ment proportionate  to  the  length  of  the  jaws,  the  forward  piXH 
duction  of  which  sharp-toothed  instruments  fitted  them,  as  in 
the  modern  dolphins,  for  the  prehension  of  agile  fishes. 

That  the  Ichthyosaurs  occasionally  sought  the  shore, 
cmwled  on  the  strand,  and  basked  in  the  sunshine,  may  be 
inferred  from  the  bony  structure  connected  with  their  fore 
fins,  which  does  not  exist  in  any  porpoise,  dolphin,  grampus,  or 
whale ;  and  for  want  of  wliich,  chiefly,  those  warm-blooded, 
aii^bi*eathing,  marine  animals  are  so  helpless  when  left  high 
and  dry  on  the  sands.  The  structure  in  question  in  the 
Ichthyosaur  is  a  strong  osseous  arch,  inverted  and  spanning 
across  beneath  the  chest  from  one  shoulder-joint  to  the  other ; 
and  what  is  most  remarkable  in  the  structure  of  this  **  scapular" 
arch  is,  that  it  closely  resembles,  in  the  number,  shape,  and 
disposition  of  its  bones,  the  same  part  in  the  singular  aquatic 
mammalian  quadrui>ed  of  Australia,  called  Omithorynchus^  and 
Platypus,  or  duck-mole.  The  Ichthyosaur,  when  so  visiting 
the  shore  either  for  sleep  or  procreation,  would  lie  or  crawl 
prostrate,  with  its  belly  resting  or  dragging  on  the  ground. 

The  most  extraordinary  feature  of  the  head  was  the  enor- 
mous magnitude  of  the  eye :  and  from  the  quantity  of  light 
admitted  by  the  expanded  pupil,  it  must  have  }x)ssessed  great 
powers  of  vision,  especially  in  the  dusk.     It  is  not  uncommon 


ICHTHYOPTEBYGIA.  227 

to  find  in  front  of  the  orbit  in  fossil  skulls,  a  circular  series  of 
petrified  thin  bony  plates,  ranged  round  a  central  aperture, 
where  the  pupil  of  the  eye  was  placed.  The  eyes  of  many 
fishes  are  defended  by  a  bony  covering  consisting  of  two 
pieces ;  but  a  compound  circle  of  overlapping  plates  is  now 
found  only  in  the  eyes  of  turtles,  tortoises,  lizards,  and  birds. 
This  curious  apparatus  of  bony  plates  would  aid  in  protecting 
the  eye-ball  from  the  waves  of  the  sea  when  the  IcMhyosauma 
rose  to  the  surface,  and  from  the  pressure  of  the  dense  element 
when  it  dived  to  great  depths;  and  they  shew,  writes  Dr. 
Buckland,*  **  that  the  enormous  eye  of  which  they  formed  the 
front,  was  an  optical  instrument  of  varied  and  prodigious  power, 
enabling  the  IcMhyosatirvs  to  descry  its  prey  at  great  or  little  dis- 
tances, in  the  obscurity  of  night,  and  in  the  depths  of  the  sea." 

In  the  le/Uhyosaurus  communis  there  are  seventeen  sclerotic 
plates  forming  the  fore  part  of  the  eyeball.  In  a  well-pre- 
served example  in  the  British  Museum,  the  pupillary  or  cor- 
neal vacuity,  as  bounded  by  those  plates,  is  of  a  full  oval 
form,  1}  inch  in  long  diameter,  the  length  of  the  plates  (or 
breadth  of  the  frame)  being  from  8  to  10  lines.  In  the  same 
skull  the  long  diameter  of  the  orbit  is  4  inches.  The  deep 
position  of  the  sclerotic  circle  in  this  cavity  shewed  how  they 
had  sunk,  by  pressure  of  the  external  mud^  as  the  eyeball 
became  collapsed  by  escape  of  the  humours  in  decomposition. 

Of  no  extinct  species  are  the  materials  for  a  complete  and 
exact  restoration  more  abundant  and  satisfactory  than  of  the 
Ickthyosaurvs ;  they  plainly  shew  that  its  general  external 
figure  must  have  been  that  of  a  huge  predatory  abdominal  fish, 
with  a  longer  tail  and  a  smaller  tail  fin ;  scaleless,  moreover, 
and  covered  by  a  smooth  or  finely  wrinkled  skin,  analogous 
to  that  of  the  whale  tribe,  f 

*  Bridgeioater  Treatiu,  Ed.  1858,  vol.  i.,  p.  171. 

t  Trans.  Oeol.  Soe.,  2d  Ser.,  toI.  v.    The  dpccimen  there  described  shewn 
the  shape  of  the  fin  as  in  the  living  animal. 
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The  mouth  was  wide,  and  the  jaws  long,  and  armed  with 
numerous  pointed  teeth,  indicative  of  a  predatory  and  carni- 
vorous nature  in  all  the  species ;  but  these  differed  from  one 
another  in  regard  to  the  relative  strength  of  the  jaws,  and  the 
relative  size  and  length  of  the  teeth. 

Masses  of  masticated  bones  and  scales  of  extinct  fishes, 
that  lived  in  the  same  seas  and  at  the  same  period  as  the 
IcJUhyosaiirus,  have  been  found  under  the  ribs  of  fossil  speci- 
mens, in  the  situation  where  the  stomach  of  the  animal  was 
placed ;  smaller,  harder,  and  more  digested  masses,  containing 
also  fish-bones  and  scales,  have  been  found,  bearing  the  impres- 
sion of  the  structure  of  the  internal  surface  of  the  intestine  of 
the  great  predatory  sea-lizard.  One  of  these  **  coprolites"  is 
figured  beneath  the  skeleton  in  fig.  89. 

In  tracing  the  evidence  of  creative  power  from  the  earlier 
to  the  later  formations  of  the  earth's  crust,  remains  of  the 
Ichthyosaurus  are  first  found  in  the  lower  lias,  and  occur  more 
or  less  abimdantly  through  all  the  superincumbent  marine 
strata,  up  to,  and  inclusive  of,  the  chalk  formations.  They  are 
most  numerous  in  the  lias  and  oolites,  and  the  laj*gest  and 
most  characteristic  species  have  been  found  in  these,  forma- 
tions. More  than  thirty  species  of  Ichthyosaurus  are  known 
to  the  writer,  many  of  which  have  been  described  or  defined. 

Whenever  the  antecedent  forms  of  an  extinct  genus  of  any 
class  are  known,  the  characters  of  such  genus  should  be  com- 
pared with  those  of  its  predecessors  in  such  class,  rather  than 
with  its  successors  or  with  existing  forms,  in  order  to  gain  an 
insight  into  its  true  affinities. 

We  derive  a  truer  conception  of  the  affinities  of  the  Ich- 
thyosaurus by  comparison  with  the  triassic  Labyrinthodonts, 
as  we  do  of  the  Plesiosaurus  by  comparison  with  the  muschel- 
kalk  Sauropterygians,  than  of  either  by  comparison  with 
modern  Lacertians  and  Crocodilians.  It  is  commonly  said  that 
the  Ichthyo-  or  the  Plesio-saurus  resembles  the  lizards  more. 
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or  the  crocodiles  less,  in  such  and  such  characters.  The  truer 
expression  would  be  that  the  lizards,  which  are  the  predomi- 
nating form  of  Saurians  at  the  present  day,  have  retained  more 
of  the  osteological  type  of  the  triassic  and  oolitic  reptiles,  and 
that  the  crocodiles  have  deviated  further  from  them,  or  exhibit 
a  more  modified  or  specialized  structure.  The  backward  posi- 
tion of  the  external  nostrils,  the  small  size  and  position  of  the 
palato-pterygoid  foramina,  are  marks  of  afl&nity  to  Plesiosaurus, 
in  common  with  which  genus  the  cranial  structure  of  .the 
Ichthyosaurus  exhibits  a  majority  of  lacertian  charactei^s. 

Order  4. — Sauroptbrygia.* 

No  post-orbital  and  supra-temporal  bones :  large  temporal 
and  other  vacuities  between  certain  cranial  bones ;  a 
foramen  parietale;  two  antorbital  nostrils ;  teeth  simple, 
in  distinct  sockets  of  the  premaxillary,  maxillary,  and 
premandibular  bones,  rarely  on  the  palatine  or  pterygoid 
bones  ;  maxillaiies  larger  than  premaxillaries.  limbs 
natatory ;  not  more  than  five  digits.  An  episternum 
and  clavicles.  A  sacrum  of  one  or  two  vertebrae  for  the 
attachment  of  the  pelvic  arch  in  some,  numerous 
cervical  vertebrae  in  most.  Pleurapophyses  with  simple 
heads  ;  those  of  the  trunk  long  and  bent. 

OentLs  NoTHOSAURUS,  Munster. 

Sp.  Nothosaurus  mirahUiSy  Munster.  In  fig.  90  is  given 
an  analysis  of  the  chief  characters  as  yet  ascertained  of  the 
species  which  may  be  regarded  as  the  type  of  its  genus  ;  by 
comparing  this  diagram  with  that  of  the  Arcliegosaurvs  (fig. 
84),  the  advance  in  the  organization  of  the  aquatic  reptiles 
will  be  readily  traced  and  understood. 

The  skull  is  no  longer  defended  by  a  continuous  covering 

*  ^tcvftf,  a  lizard;  ^rlfvl^,  a  fin. 
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of  sculptured  plate-bones  ;  the 
vacuities  behind  the  orbits  for 
the  temporal  muscles  are  lat^ 
and  widely  open.  Tliese  vacui- 
ties are  fenced  externally  by 
two  long  and  slender  horizontal 
bony  bars ;  the  upper  one  is 
formed  by  the  mastoid  (fig,  90, 
»),  and  the  post-frontal  (u) ; 
the  lowei  one  by  the  malar  (16), 
and  squamosal  (17) ;  the  latter 
answering  to  the  true  zygomatic 
arch  ill  Mammals.  The  squa- 
mosal abuts  by  its  hinder  ex- 

^  panded  end  against  the  almost 

c  vertical  tympanic  pedicle  (1!), 
g  "  which  gives  attachment  to  the 
^  I  lower  jaw.     This  shews   the 

J    reptilian  compound  structure ; 

tei  19  marks  the  eurangular,  jo 
the  angular,  j»  the  dentory  ele- 
ment. In  the  side-view  of  the 
skull,  M  b  the  premaxillaiy,  a 
the  maxillary,  ij  the  nasal — the 
cavity  below  being  the  nostril, 

10  is  the  prefrontal — between 
which  and  u  is  the  lachtymal, 

11  is  the  frontal  above  the  orbit. 
The  premaxillary  teeth  and  coi^ 
responding  premandibular  onea 
are  nmisually  long,  strong  and 
sharp ;  there  are  two  similar 
teeth  in  each  maxiUaiy ;  the  re- 
maining serial  teeth  are  smaller, 
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but  equally  acute.  In  all  the  crown  presents  a  body  of  hanl 
dentine,  with  a  thin  coat  of  enamel,  as  in  the  section  above 
the  skull.  There  are  no  teeth  on  the  extensive  bony  palate  ; 
and  this  shews  no  other  apertures  except  the  internal  nostrils. 

The  almost  entire  and  undisturbed  vertebral  column,  from 
the  muschelkalk  of  Bayreuth,  figured  by  Von  Meyer  in  pi.  23 
of  his  great  work  on  muschelkalk  Saurians,  and  attributed 
to  Nofhosaurus  miroMlis^  gives  the  earliest  indication  of  that 
modification  of  the  trunk-bones  which  reaches  its  maximum 
in  the  Plmosaurus  (fig.  93),  in  which  it  was  first  detected  by 
the  sagacity  of  Conybeare.* 

Twenty  of  the  anterior  vertebne  of  this  series,  in  Notho- 
sawrvs^  which  b^ins  with  the  atlas,  have  the  whole  or  part  of 
the  rib-pit  situated  on  the  centrum  as  in  the  first  vertebra  in 
fig.  90 ;  the  pit  is  wholly  there  on  fourteen  vertebrae ;  it  begins 
to  ascend  upon  the  neural  arch  in  the  fifteenth,  as  in  the  second 
vertebra^  given  in  fig.  90,  and  is  wholly  placed  there  on  the 
twenty-first  vertebra. 

According,  therefore,  to  the  characters  proposed^  to  dis- 
tinguish the  cervical  from  the  dorsal  vertebra,  Nothosaun/.H 
has  twenty  of  the  former.  In  the  specimen  referred  to, 
nineteen  consecutive  vertebrae  shew  the  rib-pit  supported 
wholly  on  an  outstanding  diapophysis  from  the  neural  arch, 
as  in  the  third  vertebi'ae  in  fig.  90 ;  these  are  to  be  reckoned 
therefore  as  dorsal  vertebrae.  In  the  cervical  vertebrae  the 
rib-pit  is  large,  vertically  reniform,  not  divided  by  a  groove ; 
its  circumference  slightly  projects  in  Kothomurus.  There  is 
no  clear  evidence  of  any  of  the  cervical  ribs  being  termi- 
nally expanded  and  hatchet-shaped,  as  in  Plesiosauncs ;  those 
of  the  back,  pl^  are  vertically  longer  than  in  Plesiosauru$^ 
and  more  convex. 

In  the  sacral  vertebrae,  fourth  in  fig.  90,  the  rib-pits  again 

*  Trans.  Geol.  Soc,  vol.  vi.,  1822,  and  vol.  i.,  2d  series,  p.  381,  1824. 
f  Brit.  Afloociation,  Report  on  Britiflh  Fossil  ReptileH,  1839,  pp.  50,  M. 
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begin  to  sink  upon  the  centrum.  There  are  two  distinct  sacral 
vertebrae  in  Nothosaums.  They  are  known  by  their  long, 
straight,  terminally-bent,  and  convergent  pleurapophyses,  the 
first  of  wliich  overlaps  a  little  the  second.  To  the  convergent 
ends  of  these  riblets,  the  ilium  (fig.  90,  62,  pt)  was  doubtless 
ligamentously  affixed.  In  the  first  caudal  vertebra  the  par^  and 
di-apophyses  stand  out  much  farther  than  in  the  sacrum  ;  but 
rapidly  shorten  in  the  second  and  third  caudals.  The  com- 
pound process  in  each  supports  a  short  stilifoi-m  straight  riblet, 
as  in  the  fifth  vertebra  of  figure  90 ;  the  anterior  and  suc- 
ceeding caudals  support  haemal  arches  and  spines,  after  the 
disappearance  of  the  pleurapophyses.  The  haemal  arch  dis- 
appears in  about  the  eighth  vertebra  from  the  end,  and  finally 
the  neural  arch.  The  terminal  centrums  are  subelongate  and 
subcompressed.  All  the  centrums  have  nearly  flat  articular 
ends.  Both  Nothoaaums  and  Pistosawnis  had  abdominal  ribs, 
of  which  the  median  piece  (fig.  90,  hs)  was  sub-symmetrical, 
the  two  rays  diverging  at  a  very  open  angle,  and  terminating 
in  a  point  or  a  fork ;  the  side-pieces  (p)  seem  not  to  have 
been  so  numerous  as  in  Plesiosaurus. 

The  scapula  (fig.  90, 5*)  is  ^  short  and  strong  bone,  its 
blade  appearing  as  a  short  and  narx'ow  sub-compressed  process 
extending  from  the  subquadrate,  thick  and  expanded  end, 
which  affords  the  articular  surfaces  for  the  coracoid,  clavicle 
and  humerus. 

The  clavicle,  which  is  an  exogenous  process  in  Plesiosaurus, 
is  here  united  by  a  strong  oblique  suture  to  the  scapula.  It 
expands  into,  or  sends  off  from  its  outer  part,  a  broad,  flat, 
obtuse  process,  near  the  suture ;  then  contracts  and  bends 
inwards  to  the  epistemum,  to  which  it  is  articulated  also  by 
suture. 

The  coracoid  (fig.  90,  5»)  sends  forward  a  broad  and  short 
flattened  process,  separated  by  a  narrow  notch  from  the  scapular 
part  of  its  head ;  it  then  contracts  and  soon  expands  into  a 
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broad,  flat^  sab-triangular  plate,  the  broad  and  straight  border 
of  which  articulates  with  that  of  the  opposite  coracoid.  A 
wide  unossified  interval  separates  the  coracoid  from  the  epi- 
stemum.  The  ossification  of  the  coracoid  in  the  direction  of 
this  interval  gives  the  peculiar  longitudinal  or  fore-and-aft 
extent  to  those  bones  in  the  Plesiosaur,  in  which  they  unite 
w^ith  the  episternum. 

The  pelvic  arch  presents  a  closer  correspondence  with  that 
in  the  Plesiosaurus  (fig.  93).  The  ischium  (fig.  90,  ^s),  contract- 
ing beyond  its  articular  head,  there  expsuids  into  a  flat  sub- 
triangular  plate.  The  pubis  (zi.,  64)  is  a  subcircular  flat  bone, 
with  a  notch  near  the  articular  end. 

The  bones  of  the  limbs,  although  evidently  those  of  fins  or 
paddle-shaped  extremities,  are  better  developed  than  in  Plesto- 
sawniSy  and  more  resemble  the  corresponding  bones  in  the 
turtles  {Chelones).  The  tuberosities  or  processes  for  muscular 
attachment  near  the  head  of  the  humerus  (omitted  in  the 
diagram)  are  better  marked,  especially  that  on  the  concave 
side  of  the  shaft ;  the  distal  end  is  thicker  and  less  expanded. 
The  whole  bone  is  more  curved  than  in  any  Plesiosduri.  The 
femur  (fig.  90, 65)  is  relatively  longer  and  less  expanded  at  its 
distal  end.  The  bones  of  the  fore-arm,  like  those  of  the  leg 
(ib.  66  and  67),  are  longer  than  in  Phdosaurus,  The  articular 
surfaces  present  the  foramina  with  oraised  borders,  which 
characterize  those  in  Plesmauriy  and  which  indicate  the  fibro- 
cartilaginous nature  of  the  joints. 

There  is  a  ligamentous  or  unossified  space  at  the  back  part 
of  both  carpus  and  tarsus  (fig.  90,  68).  At  present  there  is 
evidence  of  but  four  digits  in  both  the  fore  and  hind  paddles 
of  Nothosaurus  :  the  metapodial  and  phdangeal  bones  are  of 
the  elongate  flattened  simple  form,  characteristic  of  supports 
of  a  tegumentary  fin. 

One  species  of  Nothomurus  (N:  Schimperiy  Von.  M.)  is  from 
the  lower  division  of  the  trias,  called  **  grfes  bigarr^/'  of  Soulz- 
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les-Bains ;  the  Nothosaurus  aduncidens,  witli  a  large  canine- 
shaped  recun^ed  tusk  in  each  premaxillary,  is  from  the  muschel- 
kalk  of  Crailsheim  ;  the  other  representatives  of  the  genus  {N. 
giganteuSy  N.  venustuSy  N.  Miinstcriy  N.  Andriani,  N.  angnMi- 
frons^  and  N.  7nirabilis),  are  from  the  muschelkalk  of  Bayreuth 
and  Lun^ville. 

Genm  PiSTOSAURUS,  Von  Meyer. 

Sp.  Pistomurus  longcovufi, — In  this  genus  the  facial  part  of 
the  skull  contracts  abruptly  in  front  of  the  orbits  ;  so  that, 
viewed  from  above,  it  resembles  a  long-necked  bottle ;  the 
orbits  are  situated  in  the  posterior  half  of  the  skull,  and  the 
nostrils  are  lateral.     From  the  muschelkalk  of  Bayreuth. 

Omus  CoNCHiosAURUS,  Von  Meyer. 

Sp.  Conchiosaurus  clavatiis. — The  facial  part  of  the  skuU  is 
less  prolonged  than  in  Pistosannis,  and  the  nostrils  are  t<er- 
mimal.  The  teeth  are  twelve  in  number  on  each  side,  are 
subequal,  with  a  pyriform  crown,  and  are  placed  at  widish 
intervals.     From  the  muschelkalk  at  Laineck,  near  Bayreuth. 

Genvs  Simosaurus,*  Von  Meyer. 

Sp.  Simosaurv^  Oaillardoti, — ^The  fossils,  chiefly  cranial, 
on  which  this  genus  is  founded,  occur  in  the  dolomitic  muschel- 
kalk near  Ludwigsberg,  and  in  the  muschelkalk  of  Lim^ville. 
The  skull  presents  the  large  temporal  fossae,  the  divided  nos- 
trils, and  the  general  depressed  form  and  composition  of  that 
of  Notlwsaunis  and  Fistosaurus,  But  its  facial  part  is  much 
shorter;  the  muzzle  is  neither  prolonged  nor  terminally  ex- 
panded, but  forms  the  obtuse  end  of  the  short  depressed  face, 
of  which  the  premaxillary  part  is  the  narrowest.  The  nostrils, 
consequently,  although  distant  firom  the  orbits  by  half  the 
diameter  of  the  latter,  are  yet  nearer  the  fore-end  of  the  skull 
than  in  the  above-cited  Sauropterygian  genera.  The  nostrils 
are  relatively  nearer  to  each  other,  the  intervening  bony  tract 
being  due  to  the  premaxillaries,  which,  relatively  to  the  breadth 
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of  the  skull,  are  much  narrower  in  Simosaurus  than  in  Notlw- 
or  Pisio-sauruA 

The  profile  of  the  skull  rises  from  the  internasal  to  the 
interorbital  regions  much  more  than  in  the  Nothosaur,  and 
the  depth  of  the  skull  behind  the  orbit  is  greater  in  propor- 
tion to  its  length.  The  post-frontals  are  most  clearly  produced 
backwjutls,  along  the  upper  border  of  the  zygoma  to  the  mas- 
toids. The  malars  are  co-extended,  and  connected  with  the 
post-firontals,  but  terminate  freely  and  obtusely  a  little  beyond 
the*  co-prolonged  hind  part  of  the  maxillary,  without  being 
met  by  or  joining  a  squamosal 

Most  complete  and  extensive  is  the  ossification  of  the  roof 
of  the  mouth  in  this  genus.  The  pterygoids  are  expanded 
into  one  broad  unbroken  imperforate  flat  expanse  of  bone, 
from  about  one-third  of  the  distance  from  the  snout  to  tlie 
occipital  condyle  ;  they  are  united  by  a  median  suture,  and 
underlap  the  whole  of  the  sphenoid.  The  teeth,  compared 
with  NothasauruSy  are  few  and  large,  and  are  subequal,  save 
one  or  two  at  the  fore  and  hind  extremity  of  the  series.  The 
crown  expands  a  little  above  the  fang,  is  conical,  and  im- 
pressed by  a  few  coarse  longitudinal  ridges :  some  teeth  are 
obtuse,  others  acute ;  but  all  are  shorter  and  thicker  than  in 
Notho-  or  PisUhsawus. 

The  vertebrae  have  flat  or  very  slightly  concave  articular 
surfaces  on  the  body ;  the  neural  arch  articulates  therewith 
by  suture.  In  these  characters,  and  in  their  general  propor- 
tions, they  resemble  those  of  Kotho-  and  Plesio-munis,  It  is 
significant  of  some  difference  in  respect  of  the  arrangement  of 
the  vertebrae  in  the  same  column,  that  although  specimens 
from  the  tail,  and  from  different  parts  of  the  back,  have  been 
obtained,  no  cervical  vertebra  with  any  probability  belonging 
to  this  genus  has  yet  been  found.  The  caudal  centrum  presents 
two  well-defined,  rather  prominent^  hypapophyses  for  the 
haemal  arch. 
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The  coracoid  in  the  contraction  of  the  body  reminded  Cuvier 
of  that  of  the  Ichthyosaurus,  but  its  expanded  median  part  was 
differently  shaped.  The  pubis,  like  that  of  the  Plesiosaurus, 
resembles  to  a  certain  degi-ee  the  pubis  in  Chelonia.  The  few 
bones  of  the  limbs  which  have  been  found  still  more  resemble, 
as  do  those  of  Pistosaurus,  the  corresponding  bones  of  marine 
Chelonia.  Accordingly,  there  have  been  entered  in  palaeonto- 
logical  catalogues  an  Ichthyosaurus  Lunevillensis  (De  la  Beche), 
a  Plesiosaurus  Lunevilleusis  (Munster),  and  a  Chelonia  Lunevil- 
lensis (Gray  and  Keferstein) ;  but  all  these  are  parts  of  one  and 
the  same  genus  of  Enaliosaurian, — the  "  Saurien  des  environs 
de  Lun^ville  "  of  Cuvier,  the  **  Simosaurus  '*  of  H.  von  Meyer. 

Gejius  PiACODUS, — The  cranial  structure  in  this  genus  of 
muschelkalk  reptile  is  closely  similar  to  that  in  Simosaunis, 
but  its  proportions  are  different ;  it  is  as  broad  as  long ;  the 
greatest  breadth  being  behind,  whence  the  sides  converge  to 
an  obtuse  muzzle ;  the  entire  figure  viewed  from  above  being 
that  of  a  right-angled  triangle,  with  the  comers  rounded  off. 
The  temporal  fossae  are  the  widest,  and  zygomatic  arches  the 
strongest,  in  the  Eeptilian  class ;  the  lower  jaw  presents  a 
concomitant  development  of  the  corenoid  process  (fig.  96,  c, 
29).  These  developments,  for  great  size  and  power  of  action 
of  the  biting  and  grinding  muscles,  relate  to  a  most  extra- 
ordinary form  and  size  of  the  teeth,  which  resemble  paving- 
stones,  and  were  evidently  adapted  to  crack  and  bruise  shells 
-and  crusts  of  marine  Invertebrata. 

The  teeth  of  the  upper  jaw  consists  of  an  external  or 
maxillary  series,  and  an  internal  or  palatal  series.  The 
maxillary  series  are  supported  in  a  marginal  row  of  alveoli  by 
the  premaxillary  {ib.  22)  and  maxillary  (ib.  21)  bones;  the 
palatal  series  are  implanted  in  the  palatine  and  pterygoid 
bones.  The  maxillo-premaxiUary  teeth  are  five  in  number  on 
each  side,  two  {ib.  a^b,)  implanted  in  the  premaxillary,  and 
three  (ib.  c,  d,  e,)  in  the  maxillary.     The  premaxillary  teeth 
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are  subequal,  smaller  than  the  maxillary  teeth ;  their  c 
are  subhemispheric  in  P.  laticeps,  but  in.  P.  Andriani  they 
present  a  bent,  pointed,  preliensUe  character.  In  P.  laticeps 
the  first  mamillary  tooth  has  a  full  oval  crown,  4J  lines  by  4 
in  diameter  ;  the  second  measures  5\  lines  by  4^  lines  in 
diameter ;  the  third  is  subcirciilar,  8  lines  in  diameter,  on  the, 
right  side.  The.  palatal  series  begins  on  the  inner  side  of  this 
tooth,  and  consistB  of  two  teeth  on  each  side.  The  first  tooth 
(i&./)  has  a  full  elliptical  crown,  10  lines  by  8  ;  the  second 


A.  RhjDchosBunie  artjceps,  Ow. ;   Trial,  Shropshire. 
B'   Chelone  longiceps,  Ow. ;  Eocene,  Sheppey. 
C.    PlacoduB  laticeps,  Ow.  ;    Trial,  Haj'^^"'!' 

tooth  (ib.  g),  developed  in  the  broad  pterygoid  bone,  presents 
a  fuU  oval  shape,  1  inch  9  lines  by  1  inch  3  lines  in  diameter. 
In  Placodve  gigas  and  P.  Aiidriani  the  palatal  teeth,  three  in 
number  on  each  side,  are  all  of  lai^e  size,  slightly  increasing 
from  before  backwards :  they  are  situated  close  together. 
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forming  on  each  side  a  series  a  little  curved  with  the  convexity 
outwards,  and  the  interspace  between  the  two  series  is  very 
narrow.  The  maxillary  teeth  are  much  smaller  than  the  pala- 
tal ones,  have  a  rounded  or  subquadrate  crown,  are  four  in 
number,  and  of  subequal  dimensions.  The  premaxillary  teeth, 
three  in  number  on  each  side,  are  more  remote  and  distinct 
from  the  maxillary  teeth  than  in  Placodits  rostratus  and  P. 
laiiceps  ;  their  crowns  are  more  elongated  and  conical  than  in 
P,  laticeps ;  the  prehensile  power  of  the  prolonged  premax- 
illary pait  of  the  jaw  being  obviously  greater  in  PlacodtLS  gigas 
than  in  P,  laticeps  or  P.  rostratus.  The  size  of  the  last  tooth 
in  P.  laticeps  surpasses  that  of  any  of  the  teeth  in  the  other 
species.  In  proportion  to  the  entire  skull,  it  is  the  largest 
grinding  tooth  in  the  animal  kingdom,  that  in  the  elephant 
itself  not  excepted. 

AU  these  teeth  are  implanted  by  short  simple  bases  in 
distinct  hollow  sockets,  subject  to  the  same  law  of  displace- 
ment and  succession  as  in  other  reptiles.  By  some  it  may  be 
deemed  requisite  to  separate  generically  the  Placodi  with  two 
teeth  from  those  with  three  teeth  in  each  palatal  series  ;  but 
the  Placodvs  rostratiis  offers  a  transitional  condition  in  the 
smaU  relative  size  of  the  first  two  palatal  teeth,  and  in  the 
rounded  form  of  all  the  teeth,  from  the  P.  Andriani  to  the 
P.  laticeps. 

We  cannot  contemplate  the  extreme  and  peculiar  modifi- 
cation of  form  of  the  teeth  in  the  genus  Placodus  without  a 
recognition  of  their  adaptation  to  the  pounding  and  crushing 
of  hard  substances,  and  a  suspicion  that  the  association  of  the 
fossils  wdth  shell-clad  Mollusks  in  such  multitudes  as  to  have 
suggested  special  denominations  to  the  strata  containing 
Placodus  (e.  ^.,  muschelkalk^  terebratulitenkalk,  etc.),  is  indi- 
cative of  the  class  whence  the  Placodi  derived  their  chief 
subsistence. 

No  doubt  the  most  numerous  examples  of  similarly-shaped 
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teeth  for  a  like  purpose  are  afforded  by  the  class  of  fishes,  as, 
e.  g^  by  the  extinct  Pycnodonts,  and  by  the  existing  wolf-fish 
{Anarrhiehas  lupus)  and  Cestracion.  But  the  reptilian  class 
is  not  without  its  instances  at  the  present  day  of  teeth 
shaped  like  paving-stones,  of  which  certain  Australian 
lizards  exhibit  this  peculiarity  in  so  marked  a  degree  that 
the  generic  name  Cydodvs  has  been  invented  to  express  it. 
Amongst  extinct  reptiles,  also,  a  species  of  lizard  from  the 
tertiary  deposits  of  the  Limagne  in  France,  presents  round 
obtuse  teeth,  of  which  the  last^  in  the  lower  jaw,  is  suddenly 
and  considerably  larger  than  the  rest. 

NothosaurvSy  SimosaurttSy  and  Pistosaurus  present  the  same 
evidences  of  lacertian  affinities  in  the  division  of  the  nostrils 
by  the  median  extension  of  the  premaxillary  backwards  to 
the  nasals,  the  same  thecodont  dentition,  and  the  same  circum- 
scription of  the  orbits  and  temporal  fossae  as  in  Placodus : 
there  is  also  a  general  family  likeness  in  the  upward  aspect 
of  these  apertures,  accompanying  an  extreme  depression  of  the 
skull.  The  muzzle,  though  varying  greatly  in  length  in  these 
genera,  presents  the  same  obtuseness ;  and  the  alveolar  border 
of  the  jaws  the  same  smooth  outward  convexity  which  we 
observe  in  the  Placodus,  The  peculiar  confluence  of  the 
elements  of  the  upper  and  lower  zygomatic  arches, — i,  e.,  of 
post-frontal  and  malai*, — ^forming  the  broad  wall  of  bone  be- 
hind the  orbit,  is  continued  still  farther  backwards  in  the 
Simosaurus,  In  Pistosavrus  the  elongated  post-frontal,  malar, 
and  squamosal  are  united  together  in  one  deep  zygomatic 
arch,  which  has  the  mastoid  and  tympanic  for  its  hinder 
abutment. 

It  is  remarkable  that  hitherto  no  vertebrae  or  other  bones 
of  the  tnmk  or  limbs  have  been  found  so  associated  with,  the 
teeth  of  PlacoduSy  as  to  have  suggested  their  belonging  to  the 
same  species.  Usually,  after  the  indication  of  a  reptile  by 
detached  teeth,  the  next  step  in  its  reconstmction  is  based 
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upon  detached  vertebrae.  The  twelve  or  more  evidences  of 
Placodusy  afforded  by  bone  as  well  as  tooth,  are  all  portions  of 
the  skuU.  It  is  possible  that  some  of  the  singularly  modified 
vertebrae  from  the  muschelkalk,  next  to  be  described,  may 
belong  to  the  Plawdus  ;  and  the  same  surmise  suggests  itself 
in  reference  to  some  of  the  limb-bones  from  the  muschelkalk 
that  cannot  be  assigned  to  other  known  saurian  genera. 

The  obvious  adaptation  of  the  dentition  of  Placodvs  to  the 
crushing  of  very  hard  kinds  of  food,  its  close  analogy  to  the 
dentition  of  certain  fishes  known  to  subsist  by  breaking  the 
shells  of  whelks  and  other  shell-clad  MoUusks,  and  the  cha- 
racteristic abundance  of  fossil  shells  in  the  strata  to  which  the 
remains  of  Placodus  are  peculiar,  concur  in  producing  the 
belief  that  the  species  of  this  genus  were  reptiles  frequenting 
the  sea-shore,  and  probably  good  swimmers.  But  as.at  present 
we  have  got  no  further  than  the  head  and  teeth  in  the  recon- 
struction of  this  mezozoic  form  of  moluscivorous  reptile,  the 
present  notice  will  conclude  with  a  remark  suggested  by  the 
disposition  and  form  of  the  teeth.  In  all  the  species,  under 
the  rather  wide  range  of  specific  varieties  of  the  dentition, 
there  are  two  rows  of  the  crushing  teeth  in  the  upper  jaw,  and 
only  one  row  in  the  lower  jaw,  on  each  side  of  the  mouth  ; 
and  the  lower  row  plays  upon  both  upper  rows,  with  its 
strongest  (middle)  line  of  force  directed  against  their  inter- 
space. Thus  the  crushing  force  below  presses  upon  a  part 
between  the  two  planes  or  points  of  resistance  above,  on  the 
same  principle  on  which  we  break  a  stick  across  the  knee  ; 
only  here  the  fulcrum  is  at  the  intermediate  point,  tte  moving 
powers  at  the  two  parts  grasped  by  the  hands.  It  is  obvious 
that  a  portion  of  shell  pressed  between  two  opposite  flat  sur- 
faces would  resist  a  stronger  bite  than  if  subjected  to  alternate 
points  of  pressure. 

GemiS  TANYSTROPHiEUS. 

.  Sp.  Tani/strophceus  conspicuns,  H.  Von  Meyer. — Certain  long, 
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slender,  hollow  bones  (fig.  92,  a),  from  the  German  muschel- 
kalk,  were  referred  by  Count  Miinster  to  the  class  Reptilia, 
under  the  name  of  Macroscelomums^  under  the  impression 
that  they  were  bones  of  the  limbs.  H.  Von  Meyer  subse- 
quently, in  more  perfect  specimens,  observing  that  each 
slightly  expanded  extremity  of  the  long  bone  was  terminated 
by  a  symmetrical  oval  concave  articular  surface,  surmounted 
by  a  pair  of  symmetrical  lateral  incurved  plates,  resembling 
confluent  neurapophyses,  with  articular  surfaces,  and  with 
their  sometimes  confluent  bases  arching  over  a  neural  canal 
(as  in  figure  B,  in  cut  92),  recognized  their  vertebral  character; 
and,  adopting  the  determination  of  their  reptilian  nature,  but 


,  Fig.  92. 

A,  B,  Tanygtrophceua  (TriaR) ;  c,  Ichihyosaurus. 

repudiating  the  idea  of  their  being  limb-bones,  he  discarded 
Miinster^s  name,  and  substituted  for  it  that  of  Tanystrophcetts* 
indicative  of  their  peculiar  proportions  as  vertebrae.  Although 
the  articular  ends  are  for  the  most  part  symmetrical,  the  long 
intervening  body  is  not  so.  It  is  subcompressed,  usually 
broader  and  flatter  below  than  above ;  sometimes  more  flat- 
tened on  one  side  than  on  the  other,  giving  an  irregular,  ver- 
tically oval,  or  triangular  cross  section.  A  low  median  ridge 
is  not  uncommon  on  the  lower  surface  towards  the  ends  of 
the  vertebra ;  and  similar  less  regular  ridges  project  from  the 
sides  of  the  otherwise  smooth  outer  surface.  The  centrum  is 
excavated  by  a  canal,  resembling  a  medullary  one,  but  more 
probably  filled^  in  the  recent  state,  as  in  the  long  caudal  style  , 
of  the  frog,  with  unossified  cartilage.    The  walls  of  this  cavity 

*  From  rmff  to  dongaUf  rr^t^tt,  verto. 

R 
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are  compact,  and  in  thickness  about  one-sixth  of  the  diameter 
of  the  bone.  The  terminal  neural  arches  support  each  a  low 
median  ridge  or  rudimental  spine,  which  soon  subsides.  The 
trace  of  neural  canal  in  like  manner  disappears,  or  is  continued 
by  two  distinct  slender  canals  which  traverse  for  a  certain 
extent  the  substance  of  the  thicker  upper  wall  of  the  cavity 
of  the  vertebral  body.  A  single  large  vascidar  canal  opens  on 
the  wider  surface  midway  between  the  two  ends  of  the  body. 
There  is  no  trace  of  transverse  processes,  rib-surfaces,  or 
haemapophyses ;  this,  and  the  absence  of  the  continuous 
neural  canal,  indicate  these  singular  vertebrae  to  belong  to 
the  tail.  From  the  long  caudo-vertebral  style  of  anouroiLs 
Batrachia  the  veitebrte  of  Tanystrophceus  differ  in  having  dis- 
tinct articular  surfaces  at  both  ends.  The  difference  of  shape 
and  size  in  the  few  that  have  been  found  also  indicates  that 
there  were  more  than  two  such  vertebrae  in  the  tail  of  the  ex- 
traordinary animal  to  which  they  have  belonged.  Caudal 
vertebrae  of  the  normal  proportions  and  structure,  from 
muschelkalk  of  the  same  localities  with  TanystrophoeiLS  have 
been  referred  to  Nothosaurus.  It  is  possible,  however,  that 
one  or  other  of  the  remarkable  genera — SinwsauruSy  Placodvs, 
e.g, — may  have  possessed  the  peculiar  structure  in  the  tail, 
or  some  part  of  it,  which  the  tanystrophaean  vertebrae  indicate. 
The  first  four  vertebrae  of  the  neck  or  trunk  of  the  Fistvlaria 
tahaccaria  are  those  which  most  resemble  in  their  proportions 
the  vertebrae  above  described ;  but  none  of  the  fistulaiian 
vertebrae  have  the  articular  concavity  and  the  zygapophyses 
at  both  ends  ;  the  first  presents  them  at  the  fore  end,  and  the 
last  at  the  hind  end,  and  the  modifications  of  both  these 
finished  articular  ends  pretty  closely  correspond  with  those  of 
Tanystrophceus;  but  the  second  and  third  vertebrae  of  Fistvr 
laria  are  united  with  the  first  and  fourth  by  sutural  surfaces 
with  deeply-interlocking  pointed  processes. 
Oemcs  Sphenosaukus. 
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Sp.  SpheTiosawnis  Stemhergii,  Von.  M. — The  fossil  vertebrae 
on  which  this  genus  is  founded  are  imbedded  in  a  sandstone, 
most  like  the  hunter,  from  Bohemia  or  the  south  of  Germany. 
Of  the  twenty-three  vertebrae  so  preserved  in  nearly  their 
natural  position,  and  with  their  under  surface  exposed,  five 
belong  to  the  tail,  the  rest  to  the  trunk.  Of  these,  two  are 
sacral,  two  lumbar,  the  rest  are  dorsal  or  thoracic,  with  long 
and  slender  ribs  connected  with  them.  The  neural  arch 
appears  to  have  been  suturally  united  to  the  centrum  with 
large  zygapophyses.  The  articular  end  of  the  centrum  is 
vertical  to  its  axis ;  both  are  slightly  concave.  Between  each 
centrum  is  a  transversely  oval,  depressed  ossicle,  homologous 
with  the  cervical  wedge-bones  or  hypapophyses  in  Enaliosaurs. 
This  is  the  chief  peculiarity  in  SjphenosauruSy  and  recalls  a 
character  in  the  vertebral  column  of  Archegosaums. 

Oernis  Plesiosaubus. — ^The  discovery  of  this  genus  forms 
one  of  the  most  important  additions  that  geology  has  made  to 
comparative  anatomy.  Baron  Cuvier  deemed  the  structure  of 
the  Plesiosaur  "  to  have  been  the  most  singular,  and  its  cha- 
racters the  most  anomalous  that  had  been  discovered  amid  the 
ruins  of  a  former  world."  '*  To  the  head  of  a  lizard  it  united 
the  teeth  of  a  crocodile,  a  neck  of  enormous  length,  resembling 
the  body  of  a  serpent,  a  trunk  and  tail  having  the  proportions 
of  an  ordinary  quadruped,  the  ribs  of  a  chameleon,  and  the 
paddles  of  a  whale"  (fig.  93).  «  Such,"  writes  Dr.  Buckland, 
"  are  the  strange  combinations  of  form  and  structure  in  the 
PlesiosauruSy  a  genus,  the  remains  of  which,  after  interment 
for  thousands  of  years  amidst  the  wreck  of  millions  of  extinct 
inhabitants  of  the  ancient  earth,  are  at  length  recalled  to  light 
by  the  researches  of  the  geologist,  and  submitted  to  our 
examination,  in  nearly  as  perfect  a  state  as  the  bones  of  species 
that  are  now  existing  upon  the  eai-th.'' 

The  first  remains  of  this  animal  were  discovered  in  the 
lias  of  Lyme  Eegis  about  the  year  1822,  and  formed  the  subject 
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of  the  paper  by  the  Rev.  Mr.  Conybeare  (afterwards  dean  of 
Llandaff ),  and  Mr.  (afterwards  Sir  Henry)  De  la  Beche,  in 
which  the  genns  was  established,  and  named  Plesiosaurus 
("approximate  to  the  Saurians '^j  from  the  Greek  words  ^^mo5 
and  scmros,  signifying  "  near "  or  "  allied  to,"  and  "  lizard," 
because  the  authors  saw  that  it  was  more  nearly  allied  to  the 
lizard  than  was  the  Ichthyosaurus  fi'om  the  same  formation. 

The  entire  and  undisturbed  skeletons  of  several  individuals, 
of  difTerent  species,  have  since  been  discovered,  fully  confirm- 
ing the  sagacious  restorations  by  the  original  discoverers  of 
the  Plesiosaurvs, 

Vertebral  Column, — The  vertebral  bodies  have  their  ter- 
minal articular  surfaces  either  flat  or  slightly  concave,  or  with 
tlie  middle  of  such  cavity  a  little  convex.  In  general  the 
bodies  present  two  pits  and  holes  at  their  under  part  The 
cervical  vertebrae  consist  of  centrum,  neural  arch,  and  pleur- 
apophyses.  The  latter  are  wanting  in  the  first  vertebra ;  but 
both  this  and  the  second  have  the  hypapophyses.  The  cervical 
ribs  are  short,  and  expand  at  their  free  end,  so  as  to  haye 
suggested  the  term  "  hatchet-bones  "  to  their  first  discoverers. 
They  articulate  by  a  simple  head  to  a  shallow  pit,  which  is 
rarely  supported  on  a  process,  from  the  side  of  the  centrum  ; 
but  is  commonly  bisected  by  a  longitudinal  groove,  a  rudi- 
mental  indication  of  the  upper  and  lower  processes  which 
sustain  the  cervical  ribs  in  Grocodilia, 

The  body  of  the  atlas  articulates  with  a  large  hypapophysis 
below,  with  the  neurapophysis  above,  with  the  body  of  the 
axis  behind,  and  with  part  of  the  occipital  condyle  in  front ; 
all  the  articulations  save  the  last  become,  in  Plesiosaurus 
patchy ormiSy  and  probably  with  age  in  other  species,  obliterated 
by  anchylosis.  The  hypapophysis  forms  the  lower  two-thirds, 
the  neurapophysis  contributes  the  upper  and  lateral  parts,  and 
the  centrum  forms  the  middle  or  bottom  of  the  cup  for  the 
occipital  condyle.  The  second  hypapophysis  becomes  confluent 
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with  the  inferior  interspace  between  the  bodies  of  the  atlas 
and  axis.  As  the  cervical  vertebrae  approach  the  dorsal,  the 
lower  part  of  the  costal  pit  becomes  smaller,  the  upper  part 
larger,  until  it  forms  the  whole  surface,  gradually  rising  from 
the  centrum  to  the  neurapophysis  (fig.  93).  This  takes  place 
at  the  fortieth  vertebra  in  the  Flesiosaurus  homaiospondylvs  of 
the  Whitby  lias,  but,  in  most  species,  at  about  the  thirtieth. 

The  dorsal  region  is  arbitrarily  commenced  by  the  vertebra 
in  which  the  costal  surface  begins  to  be  supported  on  a  di- 
apophysis :  this  progressively  increases  in  length  in  the 
second  and  third  dorsal,  continues  as  a  transverse  process  to 
near  the  end  of  the  trunk,  and  on  the  vertebra  between  the 
iliac  bones  it  subsides  to  the  level  of  the  neurapophysis.  In 
the  caudal  vertebra  the  costal  surface  gradually  descends  from 
the  neurapophysis  upon  the  side  of  the  centrum ;  it  is  never 
divided  by  the  longitudinal  groove  which,  in  most  Plesiosauri, 
indents  that  surface  in  the  cervical  vertebrae.  The  neural 
arches  are  commonly  unanchylosed  with  the  centrum.  The 
long  and  large  spinous  processes,  in  contact  along  the  trunk 
and  base  of  the  neck,*  must  have  restricted  the  bending 
movements  to  the  lateral  directions.  The  pleurapophyses 
gain  in  length,  and  lose  in  terminal  breadth,  in  the  hinder 
cervicals ;  and  become  long  and  slender  ribs  in  the  dorsal 
r^on,  curving  outwards  and  downwards  so  as  to  encom- 
pass the  upper  two-thirds  of  the  thoracic  abdominal  cavity. 
They  decrease  in  length  and  curvature  as  they  approach 
the  tail,  where  they  are  reduced  to  short  straight  pieces, 
as  in  the  neck,  but  are  not  terminally  expanded ;  they 
cease  to  be  developed  near  the  end  of  the  tail.  The  haema- 
pophyses  in  the  abdominal  region  are  subdivided,  and  with 
the  haemal  spine  or  median  piece,  form  a  kind  of  **  plastron '' 
of  transversely  extended,  slightly  bent,  median  and  lateral, 
overlapping  bony  bars,  occupying  the  subabdominal   space 

*  See  the  fine  example  of  PI.  homaloapondylus  in  ihc  British  MuReum. 
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between  the  coracoids  and  pubicals.  In  tlie  tail  the  haema- 
pophyses  are  short  and  straight,  and  remain  un-united  both 
with  the  centrum  above,  and  with  each  other  below.  Tlie 
tail  is  much  shorter  in  the  Plesw-  than  in  the  Ichthyo-saurvs. 

The  skull  is  subdepressed  ;  its  length  is  rather  more  than 
thrice  its  breadth  ;  but  the  proportions  somewhat  vary  in 
different  species.  The  cranial  part,  or  that  behind  the  orbits, 
is  quadrate ;  thence  it  contracts  laterally  to  near  the  maxillo- 
premaxillary  suture,  where  it  commonly  expands  a  little 
before  rounding  into  the  obtuse  anterior  termination. 

The  orbits  are  at  or  near  the  middle  of  the  skull :  estimat- 
ing the  length  of  this  by  that  of  the  lower  jaw,  they  are  in 
advance  of  the  middle  part  in  Plesiosaurus  HawhinsvL  No 
trace  of  sclerotic  plates  has  yet  been  discerned  in  any  specimen. 
The  temporal  fossae  are  large  subquadrate  apertures.  The 
nostrils,  which  are  a  little  in  advance  of  the  orbits,  are  scarcely 
larger  than  the  parietal  foramen.  Beneath  them,  upon  the 
palate,  are  two  similar-sized  apertures,  the  palatal  nostrils. 

The  lower  jaw  presents  an  angular,  surangular,  splenial, 
and  dentary  element,  in  each  ramus  ;  the  dentary  elements 
being  confluent  at  the  expanded  symphysis.  There  is  no 
vacuity  between  the  angular  and  surangular  or  any  other 
element  of  the  jaw.  The  corenoid  process  is  developed,  as  in 
Placodtis,  from  the  surangular,  but  rises  only  a  little  higher 
than  in  crocodiles.  The  alveoli  are  distinct  cavities,  and  there 
is  a  groove  along  their  inner  border  in  both  jaws. 

When  the  successional  teeth  first  project  in  that  groove, 
they  give  the  appearance  of  a  double  row  of  teeth.  All  the 
teeth  are  sharp-pointed,  long,  and  slender,  circular  in  cross 
section,  with  fine  longitudinal  ridges  on  the  enamel ;  the 
anterior  teeth  are  the  longest. 

The  scapula  is  a  strong  triradiate  bone,  the  longest  ray 
being  formed  by  the  acromial  or  clavicular  process,  which 
arches  forward  and  inward  to  abut  against  the  sternum,  or 
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part  answering  to  the  episternum  of  lizards.  The  body  of 
the  bone  is  short  and  straight, 
somewhat  flattened  ;  the  thick 
articular  end,  which  forms  the 
shortest  ray,  is  subequally  di- 
vided by  the  articular  surface 
for  the  coracoid,  and  that  for  the 
head  of  the  humerus. 

The  coracoids  are  remark- 
able for  their  excessive  expan- 
sion in  the  direction  of  the  axis 
of  the  trunk,  extending  from 
the  abdominal  ribs  forward,  so 
as  to  receive  the  episternum, 
which  is  wedged  into  their  an- 
terior interspace.  The  median 
borders  meet  and  unite  foi  an 
extent  determined  by  their  de- 
gree of  cnrvatnre  or  convexity, 
which  is  always  slight.  The 
coracoids  unite  anterioriy  with 
the  clavicles,  as  well  as  with 
the  episteratun ;  laterally  they 
articulate  with  the  scapula,  to 
form  the  glenoid  cavity  for  the 
humerus. 

The  episternum  has  the 
same  general  form  as  the  me- 
dian pieces  of  the  abdominal 
ribs,  being,  like  those  pieces, 
a  modified  hsemal  spine,  only 
more  advanced  in  position ;  the 
lateral  wings  or  prolongations 
are  broader  and   flatter ;   the 
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median  process  is  short ;  a  longitudinal  ridge  projects  from 
the  middle  of  the  internal  surface.  The  humerus  is  a  moder- 
ately thick  and  long  bone,  with  a  convex  head,  sub-cylindrical 
at  its  proximal  end,  becoming  flattened  and  gradually  ex- 
panded to  its  distal  end,  where  it  is  divided  into  two  indistinct 
surfaces  for  the  radius  and  ulna.  The  shaft  in  most  species 
is  slightly  curved  backwards,  or  the  hind  border  is  concave, 
whilst  the  front  one  is  straight.  The  radius  and  ulna  are 
about  half  the  length  of  the  humerus ;  the  former  is  straight, 
the  latter  curved  or  reniform,  with  the  concavity  towards  the 
radius ;  both  are  flattened  ;  the  radius  is  a  little  contracted 
towards  its  carpal  end,  and  in  some  species  is  longer  than  the 
ulna.  The  carpus  consists  of  a  double  row  of  flat  rounded 
discs, — the  largest  at  the  radial  side  of  the  wrist ;  the  ulnar 
or  hinder  side  appearing  to  have  contained  more  unossified 
matter.  The  metacarpals,  five  in  number,  are  elongate,  slen- 
der, slightly  expanded  at  the  two  ends,  flattened,  and  some- 
times a  little  bent  The  phalanges  of  the  five  digits  have  a 
similar  form,  but  are  smaller,  and  progressively  decrease  in 
size ;  the  expansion  of  the  two  ends,  which  are  truncate,  makes 
the  sides  or  margins  concave.  The  firat  or  radial  digit  has 
generally  three  phalanges,  the  second  from  five  to  seven,  the 
third  eight  or  nine,  the  fourth  eight,  the  fifth  five  or  six 
phalanges.  AU  are  flattened ;  the  terminal  ones  are  nailless ; 
and  the  whole  were  obviously  included,  like  the  paddle  of 
the  porpoise  and  turtle,  in  a  common  sheath  of  integument. 

The  pelvic  arch  consists  of  a  short  but  strong  and  straight 
ilium,  of  a  broad  and  flat  subquadrate  pubis  and  of  a  triangular 
ischium,  the  fore-and-aft  expanse  of  the  laat  two  bones  nearly 
equals  that  of  the  coracoids.  AU  concur  in  the  formation  of 
the  hip-joint.  The  pelvic  paddle  is  usually  of  equal  length 
with  the  pectoral  one,  but  in  P,  macrocephcdus  it  is  longer. 
The  bones  closely  correspond,  in  number,  arrangement,  and 
foim,  with  those  of  the  fore  limb.     The  femur  has  the  hind 
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margin  less  concave,  and  so  appears  more  straight  The 
fibula,  in  its  renifonn  shape,  agrees  with  its  homotype  the 
ulna.  The  tarsal  bones  are  also  smallest  on  the  tibial  side. 
Of  existing  reptiles,  the  lizards,  and  amougst  these  the  old 
world  Monitors  {Varantis,  Fitz.),  by  reason  of  the  cranial 
vacuities  in  front  of  the  orbits,  most  resemble  the  Plesiosaur 
in  the  structure  of  the  skulL  The  division  of  the  nostrils,  the 
vacuities  in  the  occipital  region  between  the  exoccipitals  and 
tympanies,  the  parietal  foramen,  the  zygomatic  extension  of 
the  post-frontal,  the  palato-maxillary,  and  pterygo-sphenoid 
vacuities  in  the  bony  palate,  are  all  lacertian  characters,  as 
contradistinguished  from  crocodilian  ones. 

But  the  antorbital  vacuities  between  the  nasal,  pre-frontal, 
and  maxillary  bones  are  the  sole  external  nostrils  in  the 
Plesiosaurs;  the  zygomatic  arch  abuts  against  the  fore  part 
of  the  tympanic,  and  fixes  it.  A  much  greater  extent  of  the 
roof  of  the  mouth  is  ossified  than  in  lizards,  and  the  palato- 
maxillary and  pterygo-sphenoid  fissures  are  reduced  to  small 
size.  The  teeth,  finally,  are  implanted  in  distinct  sockets. 
That  the  Plesiosaur  had  the  "head  of  a  lizard"  is  an  emphatic 
mode  of  expressing  the  amount  of  resemblance  in  their  cranial 
conformation.  The  crocodilian  affinities,  however,  are  not 
confined  to  the  teeth,  but  extend  to  the  structure  of  the  skull 
itself. 

In  the  simple  mode  of  articulation  of  the  ribs  the  lacertian 
affinity  is  again  manifested ;  the  other  vertebral  characters 
exempUfy  the  ordinal  distinction  of  the  Plesiosaurs  from  known 
existing  reptiles.  The  shape  of  the  joints  of  the  centrums  ; 
the  number  of  vertebrae  between  the  head  and  tail,  especially 
of  those  of  the  neck ;  the  slight  indication  of  the  sacral  verte- 
brae ;  the  non-confluence  of  the  caudal  hamapophyses  with 
each  other,  are  all  **  plesiosauroid.**  In  the  size  and  number 
of  abdominal  ribs  and  sternum  may  perhaps  be  discerned  a 
first  step  in  that  series  of  development  of  the  haemapophyses 
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of  the  trunk  which  reaches  its  maximum  in  the  plastron  of 
the  Chelonia. 

The  connation  of  the  clavicle  with  the  scapula  is  conunon 
to  the  Chelonia  with  the  Plesiomuri  ;  the  expansion  of  the 
coracoids — extreme  in  Plesiosauri — is  greater  in  Chdonia 
than  in  Crocodilian  but  is  still  greater  in  some  Lacertia,  The 
form  and  proportions  of  the  pubis  and  ischium,  as  compared 
with  the  ilium,  in  the  pelvic  arch  of  the  Plesiomuri^  find  the 
nearest  approach  in  the  pelvis  of  marine  Chelonia  ;  and  no 
other  existing  reptile  now  offers  so  near,  although  it  be  so 
remote,  a  resemblance  to  the  structure  of  the  paddles  of  the 
Plesiosaur.  Amongst  the  many  figurative  illustrations  of  the 
nature  of  the  Plesiosaur  in  which  popular  writers  have 
indulged,  that  which  compares  it  to  a  snake  threaded  through 
the  trunk  of  a  turtle  is  the  most  striking  ;  but  the  number  of 
vertebrae  in  the  Plesiosaur  is  no  tnie  indication  of  aflSnity 
with  the  ophidian  order  of  reptiles. 

The  reptilian  skull  from  formations  underlying  the  lias,  to 
which  that  of  Plesiosaurus  has  the  nearest  resemblance,  is  the 
skull  of  the  Pistomurus ;  in  this  genus  the  nostrils  have  a 
similar  position  and  diminutive  size,  but  are  somewhat  more 
in  advance  of  the  orbits,  and  the  premaxillaries  enter  into 
the  formation  of  their  boundary :  the  premaxillaiy  muzzle  and 
the  temporal  fossas  are  aldo  somewhat  longer  and  narrower. 
The  post-frontals  and  mastoids  more  clearly  combine  with 
malars  and  squamosals  in  forming  the  zygomatic  arch,  which 
is  of  greater  depth  in  Pistosaurvs  ;  the  parietal  foramen  is 
larger ;  there  is  no  trace  of  a  median  parietal  crest.  On  the 
palate,  besides  internal  nostrils,  which  are  small  foramina  be- 
tween the  palatines,  pre-maxiUaries,  and  maxillaries,  there 
is  a  single  median  premaxillo-palatine  foramen.  In  CapUo- 
saurus  wide  palato-pterygoid  vacuities  are  added  to  the 
foregoing  perforations  of  the  bony  roof  of  the  mouth  :  whilst 
in  Nothosaurtis  it  gives  passage  only  to  the  nasal  canals. 
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In  Pistosaurus  there  are  18  teeth  on  each  side  of  the  upper 
jaw,  including  the  5  premaxiUary  teeth ;  in  Plesiomv/ms  there 
are  from  30  to  40  teeth  on  each  side.  In  Pistomurus  the 
teeth  are  relatively  larger,  and  present  a  more  oval  transverse 
section  :  the  anterior  teeth  are  proportionally  larger  than  the 
posterior  ones  than  they  are  in  Plesiosaurus.  The  dispropoi^ 
tion  is  still  greater  in  Nothasawrus^  in  some  species  of  which  {N. 
adunddmSy  v.  m.)  a  pair  of  curved  tusks  recalls  the  peculiar 
armature  of  Dicynodon  ;  whilst  the  teeth  behind  the  premax- 
iUary and  symphysial  terminal  expansions  of  the  jaws  suddenly 
become — e.ff^  in  Nothosaurus  mirdbilis  (fig.  90) — very  small, 
and  form  a  straight;  numerous,  and  close-set  single  series  along 
the  maxUlary  and  corresponding  part  of  the  mandibular  bone. 

Both  NothosauTUS  and  Pistosaurus  had  many  neck-verte- 
brae, and  the  transition  from  these  to  the  dorsal  series  was 
effected,  as  in  PleaiosauruSy  by  the  ascent  of  the  rib-surface 
from  the  centrum  to  the  neurapophysis. 

In  both  Notha-  and  Pisto-saurus  the  pelvic  vertebra 
developes  a  combined  process  (par-  and  di-apophysis),  but 
relatively  larger,  vertically  longer  than  in  Plesiosaurtcs,  This 
process,  with  the  coalesced  riblet^  indicates  a  stronger  ilium, 
and  a  firmer  base  of  attachment  of  the  hind  limb  to  the  trunk, 
than  in  Plesio&awrus,  Both  this  structure  and  the  greater 
length  of  the  bones  of  the  fore  arm  and  leg,  shew  that  the 
muschelkalk  predecessors  of  the  liassic  Plesiomuri  were  better 
organized  for  occasional  progression  on  dry  land. 

A  comparison  of  remains  of  Plesiosanri  has  shewn,  that 
specific  distinctions  are  accompanied  with  well-marked  dif- 
ferences in  the  structure  and  proportions  of  answerable 
vertebrae,  but  are  not  shewn  in  small  differences  of  number 
in  the  cervical,  dorsal,  or  caudal  vertebrae.  When  any  region 
of  the  vertebral  column  presents  an  imusual  excess  of  develop- 
ment in  a  genus,  such  region  is  more  liable  to  variation, 
within  certain  limits,  than  in  genera  where  its  proportions  are 
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more  normal.  Specific  characters  are  afforded  by  the  propor- 
tions of  the  vertebral  centra,  by  the  relative  size  of  the  cervical 
ribs,  by  the  relative  position,  shape  and  prominence  of  the 
costal  articular  surfaces ;  by  the  flatness  or  concavity 
of  the  terminal  aiticnlar  surfaces ;  by  the  relative  length  of 
the  neck  relating  usually  to  a  larger  or  smaller  size  of  head  ; 
by  the  structure  and  relative  size  of  the  fore  and  hind  paddles. 
Moi-e  than  twenty  species  of  Pledosaurus  have  been  described 
by,  or  are  known  to,  the  writer  ;  their  remains  occur  in  the 
oolitic,  Wealden,  and  cretaceous  formations,  ranging  from  the 
lias  upwards  to  the  chalk,  inclusive. 

Genus  PuosAURUS,  Ow. — M.  von  Meyer  regards  the  num- 
ber of  cervical  vertebrae  and  the  length  of  neck  as  characters 
of  prime  importance  in  the  classification  of  Repiilia^  and 
founds  thereon  his  order  called  Macrotrachelen,  in  which  he 
includes  Sivwsaumsy  Pistosaurus,  and  Nothosaurus^  with 
Plestomwrus,*  No  doubt  the  number  of  vertebrae  in  the  same 
skeleton  bears  a  ceitain  relation  to  ordinal  groups :  the  Ophidia 
find  a  common  character  therein ;  yet  it  is  not  their  essential 
character,  for  the  snake-like  form,  dependent  on  multiplied 
vertebrae,  characterizes  equally  certain  Batrachians  (Ccccilia) 
and  fishes  {Murcend),  Certain  regions  of  the  vertebral  column 
are  the  seats  of  great  varieties  in  the  same  natural  group  of 
ReptUia.  We  have  long-tailed  and  short-tailed  lizards  ;  but 
do  not  therefore  separate  those  with  numerous  caudal  verte- 
brae, as  "Macroura,"  from  those  with  few  or  more.  The 
extinct  Dolichosaurus  of  the  Kentish  chalk,  with  its  procoelian 
vertebrae,  cannot  be  ordinarily  separated,  by  reason  of  its 
more  numerous  cervical  vertebrae,  from  other  shortei^necked 
procoelicin  lizards.  As  little  can  we  separate  the  short-necked 
and  big-headed  amphicoelian  Pliosaur  from  the  Macrotrache- 
lians  with  which  it  has  its  most  intimate  and  true  affinities. 

There  is  much  reason,  indeed,  to  suspect  that  some  of  the 

•  "  Die  Saurier  des  MuBchelkalkes,"  fol.  1847-55. 
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muschelkalk  Saurians,  which  are  as  closely  allied  to  Noiho- 
saurus  as  Pliosaurus  is  to  PlesiosauruSy  may  have  presented 
analogous  modifications  in  the  number  and  proportions  of  the 
cervical  vertebrae.  It  is  hardly  possible  to  contemplate  the 
broad  and  short-snouted  skull  of  the  Simosaurus^  with  its 
proportionally  large  teeth,  without  inferring  that  such  a  head 
must  have  been  supported  by  a  shorter  and  more  powerful 
neck  than  that  which  bore  the  long  and  slender  head  of  the 
Noihosawnis  or  Pistosaurus,  The  like  inference  is  more 
strongly  impressed  upon  the  mind  by  the  skull  of  the  PlacoduSy 
still  shorter  and  broader  than  that  of  Simosaurus^  and  with 
vastly  larger  teeth,  of  a  shape  indicative  of  their  adaptation  to 
crushing  molluscous  or  crustaceous  shells. 

Neither  the  proportions  and  armature  of  the  skull  of 
Placodvs,  nor  the  mode  of  obtaining  the  food  indicated  by  its 
cranial  and  dental  characters,  permit  the  supposition  that  the 
head  was  supported  by  other  than  a  comparatively  short  and 
strong  neck.  Yet  the  composition  of  the  skull,  its  proportions, 
cavities,  and  other  light-giving  anatomical  characters,  all  be- 
speak the  close  essential  relationship  of  Placodtcs  to  Simosaurvs 
and  other  so-called  '*  macrotrachelian "  reptiles  of  the  mus- 
chelkalk beds.  The  fin-like  modification  of  the  limbs  is  a 
better  ordinal  distinction  than  the  number  of  vertebrae  in  any 
particular  region  of  the  spine.  But  no  single  character  suffices 
to  make  known  a  natural  group  ;  and  those  who  would  retain 
the  term  Enaiiosauria  for  the  large  extinct  natatory  group  of 
saurian  reptiles,  should  bear  in  mind  the  essential  distinctness 
of  the  orders  Sawropterygii  and  IcMhyopterygiiy  typified 
by  the  TcJUhyosaurvs  and  Plesiosawrus  respectively. 

The  generic  characters  of  Pliosaurtis  are  given  by  the 
teeth  and  the  cervical  vertebrae.  As  compared  with  those  of 
PUsiosaurua^  the  teeth  are  thicker  in  proportion  to  their  length, 
are  subtrihedral  in  transverse  section,  with  one  side  flattened, 
and  bounded  by  lateral  prominent  ridges  from  the  more  convex 
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sides,  which  are  rounded  off  into  each  other,  and  alone  shew 
the  longitudinal  ridges  of  the  enamel ;  these  are  there  very 
well  defined.  The  vertebrae  of  the  neck  are  so  compressed 
from  before  backward  as  to  resemble  the  vertebrae  of  the  Ich- 
thyosaurus (fig.  92,  c),  but  the  articular  surfaces  are  flat,  and 
as  many  as  twelve  may  be  compressed  within  the  short  neck 
intervening  between  the  skull  and  scapular  arch,  as  shewn  in 


Fig.  94. 
PUoMturus  (Rimmeridgian). 

fig.  94.  For  the  rest,  save  in  the  more  massive  proportions  of 
the  jaws  and  paddle-bones,  the  bony  framework  of  Pliosaurus 
closely  accords  with  that  of  Pksiosaurus ;  and,  as  the  verte- 
brffi  of  the  trunk  resume  the  plesiosaurian  proportions,  they 
give  little  indication  of  the  genus  of  reptile  to  which  they  truly 
belong,  when  found  detached  and  apart.  Some  individuals 
of  Pliosaurus  brachyddrus  appear  to  have  attained  a  length 
of  upwards  of  40  feet  A  tooth  of  a  Pliosaurus  grandis^ 
from  the  Eimmeridge  clay  near  Oxford,  presents  the  following 
dimensions  : — ^girth  of  base  of  the  crown,  7i  inches ;  diameter 
of  do.,  2  in.  7  lines.  Both  ends  of  the  tooth  are  broken 
away,  but  its  length  may  have  exceeded  8  inches  ;  the  general 
size  rivalling  that  of  the  teeth  of  the  full-grown  cachalot,  or 
sperm-whale.*  The  remains  of  this  modified  form  of  Sauro- 
pterygian  are  peculiar  to  the  Oxfordian  and  Kimmeridgian 
divisions  of  the  upper  oolitic  system  ;  and,  in  the  counties  of 
England  where  those  clays  have  been  deposited,  vertebrae  and 

*  This  specimen  is  in  the  collection  of  the  Hon.  Robert  Marsham,  to  whose 
kindness  I  am  indebted  for  its  inspection. 
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teeth  are  not  uncommon :  remains  of  allied  species  (Pliomurus 
Worinddi  and  Spondylomurus  of  Fischer),  have  been  dis- 
covered in  equivalent  beds  in  Bussia. 

Qenus  Polyptychodon. — ^This  is  represented  by  species 
equalling  in  size  those  of  Pliosaurus.  The  teeth  have  a  strong 
conical  crown  with  a  sub-circular  transverse  section,  and  the 
longitudinal  ridges  of  the  enamel  are  set  close  all  round  the 
crown,  whence  the  name  of  the  genus,  signifying  "many- 
ridged  tooth  ;"  they  may  be  distinguished  from  the  teeth  of 
MosasauTus  or  Pliosaurus  by  the  absence  of  the  smooth  almost 
flattened  facet  of  the  crown,  which  surface,  in  those  genera,  is 
divided  by  two  longitudinal  ridges  from  the  rest  of  the  crown. 
The  teeth  are  implanted  in  distinct  sockets,  as  in  Plesiomurua, 
The  vertebrse  found  in  the  same  strata,  corresponding  in  size 
with  the  teeth,  present  the  plesiosauroid  type.  Bones  of  a 
large  paddle  or  natatory  limb,  irom  the  chalk  of  Kent,  may 
also  belong  to  Polyptychodon.  A  portion  of  the  cranium  of 
Polyptychodon  intemtptusy  from  the  chalk,  shews  the  **  fora- 
men parietale,"  and  a  plesiosauroid  type  of  temporal  fossa?. 

Bemains  of  Polyptychodon  have  hitherto  been  met  with 
only  in  the  cretaceous  formations  :  in  the  upper  green-sand 
of  Kent  and  Cambridge,  in  the  Neocomian  at  Kursk,  in 
Bussia,  and  in  the  chalk  of  Kent  and  Sussex. 

The  Sauropterygian  type  attained  its  maximum  dimen- 
sions under  the  last  two  generic  forms,  at  the  close  of  the 
great  mezozoic  epoch,  when  the  entire  order  had  passed  away. 

Order  5. — ^Anomodontu. 

Teeth  wanting,  or  limited  to  a  single  maxillary  pair,  having 
the  form  or  proportions  of  tusks :  a  **  foramen  parietale  ;** 
two  external  nostrils  ;  tympanic  pedicle  fixed ;  vertebrce 
biconcave ;  trunk-ribs  long  and  curved,  the  anterior 
ones  with  a  bifurcate  head  ;  sacnim  of  more  than  two 
vertebrse.     Limbs  ambulatory. 
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FaM. — DlCYNODONTIA. 

A  long  ever-growing  tusk  in  each  maxillary  bone  ;  pre-maxil- 
laries  connate,  forming  with  the  lower  jaw  a  beak- 
shaped  mouth,  probably  sheathed  with  horn. 

The  evidences  of  this  most  singular  family  of  reptiles  have 
hitherto  been  found  only  in  South  Africa,  where  they  occur, 
petrified,  in  a  hard  stone  of  probably  triassic  age.  In  the 
modifications  of  the  skull  may  be  discerned  characters  of 
the  crocodile,  tortoise,  and  lizard,  coupled  with  the  presence 
of  a  pair  of  huge  sharp-pointed  tusks,  growing  downwards, 
one  from  each  side  of  the  upper  jaw,  like  the  tusks  of  the 
mammalian  morse  {Tricheciis),  No  other  kind  of  teeth  were 
developed  in  these  singular  animals  ;  the  lower  jaw  appears 
to  have  been  armed,  as  in  the  tortoise,  by  a  trenchant  sheath 
of  horn. 

The  vertebrae,  by  the  hollowness  of  the  co-adapted  articular 
surfaces,  indicate  these  reptiles  to  have  been  good  swimmers, 
and  probably  to  have  habitually  existed  in  water ;  but  the 
construction  of  the  bony  passages  of  the  nostrils  proves  that 
they  must  have  come  to  the  surface  to  breathe  air.  The  pelvis 
consists  of  a  sacrum  composed  of  5  confluent  vertebrse,  with 
very  broad  iliac  bones,  and  thick  and  strong  ischial  and  pubic 
bones.  The  bones  of  the  limbs  resemble  those  of  the  marine 
chelonia,  but  are  more  expanded  at  the  extremities. 

Some  extinct  plants  allied  to  the  Lepidodendron,  with 
other  fossils,  render  it  probable  that  the  sandstones  containing 
the  dicynodont  reptiles  were  of  the  same  geological  age  as 
those  that  have  revealed  the  remains  of  the  Rhynchosaurs  and 
Labyrinthodonts  in  Europe. 

The  genus  DicynodorVy  from  the  Greek  words  signifying 
**  two  tusks  or  canine  teeth,"*  was  founded  on  four  species 

*  Trans.  Geol.  Soc.,  2d  seriea,  vol.  yii.  ((2w,  two ;  Jcunodoif  canine-tooth). 
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having  a  rounded  profile  and  lesa  strongly  ridged  maxillaries 
than  in  the  succeeding  genus. 

Sp.  Dict/nodon  lacerticepa,  Ow. — This  species  is  represented 
by  a  skull  sijt  inches  in  length,  in  the  British  Museum,  of 
which  a  reduced  figure  is  given  in  cut  95,  where  c  shews  the 
canine  tusks. 

Sp.  Dicynodon  tedudiceps,  Ow. — In  this  species  the  skull, 
and  the  facial  part  more  partieulail}'.  Is  shorter  than  in  D. 
lacerticepe. 

Sp-  Dieynod^m  strigiceps,  Ow. — The  shortening  of  the  jaws 
and  blunting  of  the 
muzzle  are  carried 
to  an  extreme  in  this 
species,  in  which  the 
nostrils  are  situated 
almost  beneath  the 
orbits. 

Sp.     Dicynodon 
(•igricepa*  Ow.— In  ^^   _^     ^      ^    ^'«;  Se- 

this species  the 
length  of  the  skull  is  20  inches,  its  breadth  across  the 
widest  part  of  the  zygomatic  arches  being  18  inches.  It  dif- 
fers from  the  D.  lacerticeps  not  only  in  size,  but  in  the 
relatively  larger  capacity  of  the  temporal  fossic,  and  smaller 
size  of  the  orbits.  These  cavities  in  D,  lacerticeps  occupy  the 
middle  third  of  the  skull,  but  in  D.  (igriceps  are  wholly  in  the 
anterior  half  of  the  skull.  The  profile  of  the  skull  in  I),  lacer- 
ticeps begins  to  slope  or  cm-ve  down  from  a  line  parallel  with 
the  back  part  of  the  orbits,  but  in  D.  tiffria^  it  does  not  begin 
to  bend  down  until  in  advance  of  the  orbits. 

Genus  Ptychognathus,  Ow. — Three  other  species,  shewing 
a  remarkable  angular  contour  of  the  skull,  with  strongly  ridged 
maxillary  and  upwardly  produced  mandibular  bones,  have 
•  Tnna.  Geo).  Soc.,  2d  series,  vol.  vii.,  p.  233. 


Skull  and  lunkn  at  Dict/nodon  laeertictpt. 
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been  subgenerically  separated  under  the  name  PtytJiogTiathus, 
Their  remains  characterize  the  same  formations  as  those  of 
Dicy7U)don, 

Ptychognathv3*  declivis^  Ow. — In  the  sknll  of  this  species 
(fig.  96,  3a)  assuming  the  horizontality  of  the  upper  (fronto- 
parietal) plane  of  the  cranium  as  giving  the  natural  position 
of  the  skull,  the  broad  plane  of  the  occiput  meets  it  at  an 
acute  angle,  rising  from  the  condyle  upward  and  backward — 
a  direction  not  previously  observed  in  any  reptile,  and  similar 
to  that  presented  by  the  occiput  in  relation  to  the  vertex  in 
many  mammals. 

The  fronto-parietal  plane  {ib,  3  b)  is  bounded  by  an  anterior 
ridge  (3  J,  14, 15),  whence  the  facial  part  of  the  skull  (3a,  15. ") 
descends  in  a  direction  nearly  parallel  with  that  of  the  occi- 
put. The  occipital  ridge  (3  c,  ?» *)  is  notched  at  the  middle. 
The  occipital  plane,  owing  to  the  outward  expansion  of  the 
masto-tympanic  plates  (3  <?,  8, 18),  becomes  the  broadest  part  of 
the  skull,  which  quickly  contracts  forward  to  the  ridged 
beginnings  of  the  alveoli  of  the  canine  tusks  (3  6,  n). 

The  nostrils  (3  a,  n)  are  situated  nearer  the  orbits  (p)  than 
the  muzzle.  They  are  proportionally  smaller  than  in  the 
typical  Dicynodonts.  The  orbits  (p)  are  so  placed  and  shaped 
as  to  suggest  that  the  reptile  had  the  power  of  turning  the 
eye-ball  so  as  to  look  upward  and  backward,  as  well  as  out- 
ward, in  a  peculiar  degree.  The  upper  outlets  of  the  temporal 
fossae  are  broader  than  they  are  long.  The  palate  has  a  single 
large  oval  vacuity  at  its  back  part,  bounded  externally  and 
behind  by  palato-pterygoid  ridges.  In  one  orbit,  a  few  scle- 
rotic plates  (3a,  s.)  were  preserved. 

The  occipital  condyle  (3  c)  is  subtrilobate,  and  is  formed 
by  the  basi-occipitals  (i6.  i)  and  ex-occipitals  (ib,  *)  in  equal 
proportions :  the  latter  have  coalesced,  as  in  the  crocodiles, 
with  the  paroccipitals  {ib.  ^).    The  parietals  form  one  bone, 

*  From  ptyXj  a  fold  or  ridge,  and  gnathos^  a  jaw. 
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perforated  by  a  small "  foramen  parietale"  close  to  the  coronal 
suture.  The  frontals  (36,  n)  are  broader  than  they  are  long, 
and  contribute  a  small  share  to  the  superorbital  border ;  their 
median  suture  is  distinct,  and  is  continued  forward,  between 
the  nasals  (15),  beyond  the  anterior  transverse  ridge  upon  the 
straight  sloping  part  of  the  skull,  to  where  the  nasals  join  the 
premaxiUary  bone  (22).  The  superorbital  prominence  (3  a>  h) 
is  developed  by  a  large  subtriangular  prefrontal  (14).  The 
lacrymal  (13)  forms  the  fore  part  of  the  orbit,  extending 
nearly  half  an  inch  forward  upon  the  face.  The  sides  of  the 
premaxiUary  (jh,  11)  bend  abruptly  down  in  front  of  the 
nostrils,  to  join  the  maxillaries  {ib.  21) ;  these  form  the  lower 
boundary  of  the  nostrils,  and  join  above  and  behind  with  the 
prefrontal,  lacrymal,  and  nasal  bones  :  their  outer  surface  is 
divided  by  the  strong  ridge  which  has  suggested  the  sub- 
generic  name  for  the  fossil.  This  ridge,  commencing  below 
the  orbit,  where  it  seems  to  be  a  forward  continuation  of  the 
zygoma,  becomes  more  prominent  as  it  extends  forward,  and 
soon  forms  the  outer  angle  of  the  three-sided  socket  of  the 
canine  tusk.  The  rami  of  the  lower  jaw  augment  in  depth 
from  the  angle  to  the  symphysis,  where  they  are  confluent. 
The  angle  projects  a  very  little  way  beyond  the  articulation. 
The  articular  surface  is  moderately  concave,  and  looks 
obliquely  upward  and  backward.  The  elements  of  the  pos- 
terior half  of  the  ramus,  answering  to  the  articular,  angular, 
and  surangular  in  lizards,  appear  to  form  one  piece  (3  a,  30). 
A  thin  vertical  splenial  plate,  on  the  inner  side  of  the 
ramus,  begins  about  an  inch  in  advance  of  the  angle,  and 
extends  forward  to  the  symphysis,  at  the  back  part  of  which 
it  appears  to  become  confluent  with  its  fellow.  The  part 
answering  to  the  angular  diverges  from  the  surangular,  and 
forms  the  hind  boundary  of  an  oblong  vacuity  at  the  middle 
of  the  side  of  the  ramus,  the  fore  part  of  which  vacuity  is 
formed  by  a  bifurcation  of  the  dentary  element  (32).    The 
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dentary  is  thickened  and  strengthened  hy  a  ridge,  continued 
forward  from  the  upper  boundary  of  the  fissure,  and  subsiding 
at  the  vertical  channel  upon  tlie  side  of  the  sjmphysis,  receiv- 
ing the  tusks  when  the  mouth  is  closed.  The  symphysis 
of  the  mandible  (3  a,  32)  is  peculiarly  massive — broad,  high, 
and  thick.  Anteriorly  it  is  convex  in  evGry  direction  ;  it  is 
bent  or  produced  upward,  terminating  in  a  broad,  convex, 
trenchant  margin,  like  the  fore  part  of  the  lower  mandible  of 
a  maccaw.  The  upward  development  of  the  fore  end  of  the 
lower  jaw  is  necessitated  by  the  oblique  truncation  of  the  pre- 
maxillary — the  mouth  here  opening  obliquely  upward,  as  in 
some  fishes,  giving  a  very  odd  physiognomy  to  the  skull  of 
Ptychognathas, 

The  modification  of  the  back  part  of  the  head  of  Ptycho- 
ffnathus,  esj>ecially  the  great  expansion  due  exclusively  to  the 
development  of  ridges  for  augmenting  the  surface  of  attach- 
ment of  muscles  (for  the  brain  of  the  cold-blooded  reptile 
would  need  but  a  small  spot  of  the  centre  of  the  occipital 
plates  for  its  protection),  indicates  the  power  that  was  brought 
to  bear  upon  the  head  as  the  framework  in  which  were 
strongly  fixed  the  two  large  tusks.  The  power  of  resistance 
of  the  cavities  receiving  the  deeply  implanted  bases  of  the 
tusks  was  increased  by  the  ridges  developed  from  the  outer 
part  of  their  bony  wall. 

Only  the  crocodiles  now  shew  a  like  extent  of  ossification 
of  the  occiput^  and  only  the  Chelonians  the  trenchant  tooth- 
less mandible :  but  in  both  the  outer  nostril  is  single  and 
median ;  the  lizards  repeat  the  divided  apertures  for  respir- 
ing air :  in  mammals  alone  do  we  find  a  development  of 
canine  tusks  like  that  in  the  Bicynodonts. 

Ptycliognathm  latirosiris,  Ow.  —  A  second  species  of 
Ptychognathus  is  indicated  by  a  skull  which  in  its 
facial  part  is  bi-oader  and  shorter,  and  which  has  the  orbits 
of  a  more  circular   form,  yet  presenting  the  notch  at  the 
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upper  and  back  part  The  sloping  facial  part  of  the  skull 
presents  the  same  straight  outline,  and  is  of  the  same  length, 
viz.,  4  inches,  as  in  PL  dedivis  ;  but  its  breadth  at  the  base  of 
the  canine  sockets  is  3  inches  2  lines,  beyond  which  they 
slightly  expand  ;  and  the  ridges  of  these  sockets  begin  to 
project  nearer  to  the  orbits.* 

FaM. — CRYPTODONTIA. 

Upper  as  well  as  lower  jaws  edentulous,  or  with  inconspicuous 
teeth. 

Oenus  OUDENODON,  Bain. 

Sp.  Oudenodon  Bainii,  Ow. — The  fossils  on  which  this 
species  was  founded  are  from  a  bluish  argillo-ferruginous 
limestone  in  South  Africa,  and  form  part  of  a  collection  trans- 
mitted to  the  British  Museum  by  A.  G.  Bain,  Esq.,  by  w^hom 
the  namef  of  the  genus  was  suggested.  In  the  species  dedi- 
cated to  its  discoverer,  the  back  part  of  the  skuU,  greatly 
extended  in  breadth  by  the  expanse  of  the  lamelliform  sinuous 
masto-tympanics,  inclines  from  above  the  occipital  condyle 
upward  and  forward,  the  superoccipital  being  continued  into 
the  parietal  (fig.  95, 4  ^)  by  a  longitudinal  channel  between  the 
occipito-temporal  crista. 

The  temporal  fossae  {ib.  7)  are  longer  than  they  are  broad, 
in  which  respect  Oudenodon  more  resembles  Dicynodon  than 
PtydiogncUhus,  The  zygoma  {ib.  26)  is  a  long,  rather  slender, 
compressed  bar.  The  postfrontal  bar  (ib.  12)  dividing  the 
temporal  fossa  from  the  orbit  is  directed  from  within  out- 
ward, backward  and  slightly  downward.  The  interorbital  space 
is  narrower  than  the  intertemporal  one,  so  that  the  lower 
border  of  the  orbit  has  a  more  outward  position  than  the 

*  Quarterly  Journal  of  (he  Geological  Society,  1860,  p.  51. 
f  Ouden,  none  ;  odouP|  tooth. 


262  PAL^ONTOix)r.y. 

upper  oue,  and  the  asi)ect  of  the  orbits  (it.  o)  is  very  oblique, 
rather  more  upward  timn  outward.  The  profile  of  the  face 
descends  by  a  regular  curve  from  the  upper  to  the  fore  part, 
which  ia  nearly  vertical, — the  preinaxillarj'  (n)  being  continued 


Fig.  96. 
I  sail  I.  GalcHBuniB  plsnii:e|i9,  Ow. ;  Tria$,  Bhencnterberg,  Soath  AfKca. 
].  PtjcfaognathuB  ileclivis,  Uw. ;  TVtcM.,  ib.  fb. 

4.  OudeDDdoD  Baiaii,  B. ;  Trial,  Fort  Ucaurort,  Suuth  Africk, 

more  nearly  to  the  level  of  the  alveolar  border  of  the  maxil- 
lary than  in  Ptydwgnathus.  The  nostril  (jb.  n)  is  relatively 
larger  than  in  Ptychognathvi  declivis ;   and  both  premaxillary 
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and  maxillary  are  more  deeply  notched  to  form  its  fore  and 
under  boundary ;  the  nasal  (15),  prefrontal  (14),  and  lacrymal 
(13),  complete  that  boundary.  Below  the  middle  of  the  orbit 
a  thick,  smoothly  rounded,  vertical  ridge  projects  from  the 
maxillary,  in  the  position  of  the  alveolus  of  the  tusk  in  PL 
dedivis;  but  it  rather  suddenly  subsides  upon  the  alveolar 
border,  which  is  here  entu«  and  imperforate,  forming  simply 
a  low  obtuse  angular  projection  upon  that  border.  Sections 
of  fragments  of  Oudeviodon  have  demonstrated  this  ridged 
part  of  the  maxillary  to  be  solid,  without  the  vestige  of  a 
germ  of  a  tooth  answering  to  the  tusk  in  Dicynodonts. 
The  rest  of  the  alveolar  border,  chiefly  formed  by  the  pi-e- 
maxillary,  is  toothless  and  subtrenchant,  as  in  the  Dicy- 
nodont  reptiles ;  and,  the  lower  jaw  presenting  the  same 
structure,  we  have  in  the  present  remarkable  reptile  an  eden- 
tulous Saurian. 

The  composition  of  the  skuU  is  essentially  the  same  in 
Oudenodon  as  in  Dicynodon;  and  the  same  affinities  may  be 
predicated  of  it^  with  such  additional  approach  to  Chelonia  as 
the  total  absence  of  teeth  may  indicate.  But  the  double 
nostril  demonstrates  the  Saurian  affinities  of  the  genus. 

Two  other  species,  Oudenodon  prognaiJms  and  Ovd.  Greyii, 
Ow.,  from  the  sandstones  at  the  base  of  the  Bhenosterbei^, 
South  Africa,  are  described  in  the  Quarterly  Journal  of  the 
Geological  Society,  1860,  p.  55. 

0mu8  Ehynchosaurus,  Ow. 

Sp.  Rhynchasaurus  wrticepSy  Ow.* — The  fossils  in  which 
the  above  genus  and  species  of  reptile  have  been  based 
are  from  the  new  red  sandstone  (trias)  of  Shropshire.  They 
occur  at  the  Grinsill  quarries,  near  Shrewsbury,  in  a  fine- 
grained sandstone,  and  also  in  a  coarse  burr-sandstone  ;  in  the 
latter  the  writer  found  imbedded  some  vertebra?,  portions  of 

*  Transactions  of  the  Cambridge  Philosophical  Society,  vol.  vii.  part  iii., 
1842,  p.  355,  plates  5  and  6. 
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the  lower  jaw,  a  nearly  entire  skull,  fragments  of  the  pelvis 
and  of  two  femom :  in  the  fine-grained  sandstone,  vertebite, 
ribs,  and  some  bones  of  the  scapular  and  pelvic  arches  are 
imbedded.  The  bones  present  a  very  brittle  and  compact 
texture ;  the  exposed  surface  is  usually  smooth,  or  veiy  finely 
striated,  and  of  a  light  blue  colour.  The  sandstones  contain- 
ing these  bones  occasionally  exhibit  impressions  of  footsteps 
which  resemble  those  figured  in  the  Memoir  by  Murchison 
and  Strickland  (Geol.  Trans.,  2d  series,  vol.  v.,  pi.  xxviii.  fig. 
1) ;  but  they  differ  in  the  more  distinct  marks  of  the  claws, 
the  less  distinct  impression  of  a  web,  the  more  diminutive 
size  of  the  innermost  toe,  and  an  impression  corresponding 
with  the  hinder  part  of  the  foot,  which  reminds  one  of  a  hind 
toe  pointing  backwards,  and  which,  like  the  hind  toe  of  some 
birds,  only  touched  the  ground  with  its  point  The  footprints 
are  likewise  more  equal  in  size,  with  moi'e  regular  intervals, 
than  those  figured  in  the  above-cited  Memoir:  they  measure 
from  the  extremity  of  the  outermost  or  fifth  toe  to  that  of  the 
innermost  or  first  rudimental  toe,  about  one  inch  and  a  halt 
They  are  the  only  footprints  that  have  as  yet  been  detected 
in  the  new  red  sandstone  quarries  at  GrinsilL 

As  the  fossQ  bones  have  always  been  found  nearly  in 
the  same  bed  as  that  impressed  by  the  footsteps  above  de- 
scribed, they  probably  belong  to  the  same  animal  In  the 
vertebrae  both  articular  surfaces  of  the  centrum  are  concave, 
and  are  deeper  than  in  the  biconcave  vertebrae  of  the  ex- 
tinct Crocodilians ;  the  texture  of  the  centrum  is  compact 
throughout  The  neural  arch  is  anchylosed  with  the  centrum, 
without  trace  of  suture,  as  in  most  lizards ;  it  sends  outwards 
from  each  angle  of  its  base  a  broad  zygapophysis  with  a  flat 
articular  surface ;  the  two  anterior  surfaces  look  directly 
upward,  the  posterior  ones  downward ;  the  tubercle  for  the 
simple  articulation  of  the  rib  is  situated  immediately  beneath 
the    anterior    zygapophysis.      So   far    the   vertebrae   of   the 
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RhynchosauruSy  excepting  their  biconcave  structure,  resemble 
the  vertebrae  of  most  recent  lizards.  In  the  modification  next 
to  be  noticed,  they  shew  one  of  the  vertebral  characters  of  the 
Dinasauria,  A  broad  obtuse  ridge  rises  from  the  upper  con- 
vex surface  of  the  posterior  zygapophysis,  and  arches  forwards 
along  the  neural  arch  to  the  anterior  one ;  the  upper  part  of 
this  arched  angular  ridge  forms,  with  that  of  the  opposite  side,  a 
platform,  from  the  middle  line  of  which  the  spinous  process  is 
developed.  Nothing  of  this  kind  is  present  in  existing  lizards. 
The  base  of  the  spinous  process  is  broadest  behind,  and  com- 
mences there  by  two  roots  or  ridges^  one  from  the  upper  and 
back  part  of  each  posterior  zygapophysis  ;  the  height  of  the 
spine  does  not  exceed  the  antero-posterior  diameter  of  its 
base ;  it  is  obliquely  rounded  off.  The  spinal  canal  sinks  into 
the  middle  part  of  the  centrum  and  rises  to  the  base  of  the 
spine,  so  that  its  vertical  diameter  is  twice  as  great  at  the 
middle  as  at  the  two  extremities  ;  this  modification  resembles 
in  a  certain  degree  that  of  the  vertebrae  of  the  Palceosaurus 
from  the  Bristol  conglomerate. 

The  skull  (fig.  91,  a)  presents  the  form  of  a  four-sided 
pyramid,  compressed  laterally,  and  with  the  upper  facet  arch- 
ing down  to  the  apex,  which  is  formed  by  the  termination  of 
the  premaxillaries,  aa.  The  very  narrow  cranium,  wide  tem- 
poral fossae  on  each  side,  bounded  posteriorly  by  the  parietal 
and  the  mastoid  bones  and  laterally  by  strong  compressed 
zygomata,  the  long  tympanic  pedicle  (i6.  r)  descending  verti- 
cally, and  terminating  in  a  convex  pulley  for  the  articxdar  con- 
cavity of  the  lower  jaw,  the  large  and  complete  orbits  {g)y  and 
the  shorty  compressed,  and  bent  down  upper  jaw,  are  lacertian 
characters.  The  lateral  compression  and  the  depth  of  the 
skull,  the  great  vertical  breadth  of  the  upper,  and  the  vertical 
breadth  of  the  lower,  jaw-bones,  shew  that  it  is  not  a  batra- 
chian.  The  shortness  of  the  muzzle,  and  its  compressed  form, 
remove  it  from  the  Crocodilians.     No   Chelonian  has   the 
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tympanic  pedicle  so  long,  so  naiTow,  or  so  freely  suspended  to 
the  posterior  and  lateral  angles  of  the  cmnium. 

The  general  aspect  of  the  skull  differs,  however,  from  that 
of  existing  Lacertians,  and  resembles  that  of  a  bird  or  turtle, 
which  resemblance  is  increased  by  the  absence  of  teeth.  The 
dense  structure  of  the  produced  ends  of  the  premaxUlaries 
indicates  an  analogy  of  function  to  the  tusks  of  Dicynodon  ;  the 
pi*emaxillaries,  a,  are  double,  as  in  crocodiles  and  Chelonians ; 
but  most  of  the  essential  characters  of  the  skull  are  those  of 
the  lizard.  The  rami  of  the  low^er  jaw  are  remarkable,  as  in 
BaihygruUhtiSy  for  their  great  depth,  but  not  the  least  trace  of  a 
tooth  is  discernible  in  the  alveolar  border  of  the  dentary 
element  a.  The  surangular  element,/,  the  angular  «,  and  the 
articular  d^  indicate  a  composition  of  the  mandible,  like  that 
in  lizards. 

The  indications  of  a  dental  system  are  much  more  obscure 
in  the  Rhynchosaurus  than  in  any  existing  Lacertian ;  the 
dentations  of  the  upper  jaw  are  feebler  than  in  the  chameleon, 
and  no  trace  of  them  can  be  detected  in  the  lower  jaw,  where 
they  are  strongest  in  the  chameleon.  The  absence  of  the 
coronoid  process  in  the  Rhynchosaunis,  which  is  conspicuously 
developed  in  all  existing  lizards,  corresponds  with  the  unarmed 
condition  of  the  jaw ;  and  the  resemblance  of  the  Rhyncho- 
saurus in  this  respect  to  the  Chelys/erox^  would  indicate  that 
the  correspondence  extended  to  the  toothless  condition  of  the 
jaws.  The  resemblance  of  the  mouth  to  the  compressed  beak 
of  certain  sea-birds  is  produced  by  the  bending  down  of  the 
curved  and  elongated  premaxillaries,  so  as  to  be  opposed  to 
the  deep  symphysial  extremity  of  the  lower  jaw. 

There  are  few  genera  of  extinct  reptiles  of  which  it  is  more 
desirable  to  obtain  the  means  of  determining  the  precise  modi- 
fications of  the  locomotive  extremities  than  the  Rhynchosaurus, 
The  fore-limbs  were  shorty  but  seemingly  adapted  for  motion 
on  land  as  well  as  in  water.    The  humerus  was  about  half 
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the  length  of  the  head,  and  the  anti-brachium  about  two-thirds 
the  length  of  the  humerus.  The  fortunate  preservation  of  the 
skull  has  brought  to  light  modifications  of  the  lacertine  struc- 
ture leading  towards  Chelonia  and  birds  which  before  were 
unknown. 

The  cranium  of  a  Bhynchosaurian  reptile  with  obscure 
maxillary  dentations,*  has  been  discovered  in  the  sandstones, 
containing  the  Leptoplenroji,  near  Elgin  ;  and  adds  to  the 
probability  of  their  triassic  age. 

Fam. — Cynodontia. 

A  pair  of  teeth  in  each  jaw  resembling  in  shaj>e,  position,  and 
relative  size  to  the  other  teeth,  the  canines  of  carnivorous 
mammals,  and  dividing  the  incisors  from  the  molars. 

Oenus  Galesaubus,  Ow. — This  genus  is  founded  upon  the 
fossil  skull  of  a  reptile  (fig.  96,  i  and  2),  from  the  sandstone  of 
Rhenosterberg,  S.  Africa,  exhibiting  that  remarkable  resem- 
blance to  the  mammalian  camivorous  dentition,  which  has  led 
to  a  foundation  of  a  family  for  its  reception  in  the  group  of 
reptiles  characterized  by  the  anomalous  departures  from  the 
type  of  dentition  in  the  great  Saurian  order  of  Cuvier. 

The  skull  of  the  Oalesaurus  flaniceps  is,  as  the  specific 
name  implies,  depressed  and  flat ;  tapering  from  the  broad 
zygomatic  region  to  the  muzzle.  The  occipital  plane  is  inclined 
from  below  upward  and  forward,  is  continuously  ossified,  is 
pitted  by  the  insertion  of  powerful  muscles,  and  is  bounded 
laterally  by  ridges,  converging  upward  and  dividing  the 
occipital  from  the  temporal  fossae.  The  parietal  crest  bifuiv 
cates  to  surround  an  elliptical  **  foramen  parietale  ;**  and  the 
divisions  thence  gradually  diverge  to  the  post-frontals.    The 

•  Prof.  Huxley  has  referred  this  fossil  to  a  genus  Hyperodaphodtm,  because 
it  appears  to  possess  palatal  teeth:  but  these  may  ha?e  been  present  in 
Ithynicho$aurui, 
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tympanic  (28)  is  a  broad  deep  plate  of  bone,  convex  out- 
wardly. 

The  zygomatic  arch  is  continued  forward  from  the  tym- 
panic (28),  to  the  postorbital  boundary  (26);  it  is  large  and 
deep,  and  from  its  outward  curvature,  gives  great  width  to 
the  fossoe  which  lodged  the  temporal  muscles.  The  orbits 
are  of  a  subtriangular  form;  their  aspect  is  more  upward 
than  outward.  The  post-  and  pi-e-  frontals  unite  above 
the  orbit,  and  contribute  a  narrow  tract  to  each  side  of 
the  interorbital  space,  which  is  flat.  The  nostril  (n)  is  single, 
terminal,  and  vertical ;  it  is  bounded  laterally  by  short  pre- 
maxillaries. 

The  most  interesting  peculiarity  in  the  skull  is  the  well- 
marked  definition  from  the  other  teeth,  by  a  contrasted  supe- 
riority of  size,  of  an  upper  and  lower  canine  tooth  on  each 
side,  having  the  same  position  in  the  skull  and  relative 
position  to  each  other  as  in  the  carnivorous  mammals.  In 
no  other  Saurian  are  incisors  so  divided  from  molars  by  a 
single  canine ;  in  none  is  such  definition  of  the  three  kinds  of 
teeth  so  plain  and  imequivocal. 

The  premaxillaries  contain  each  four  equal-sized  teeth 
with  simple  conical  crowns,  much  shorter  than  the  canines, 
sloping  a  little  forward  from  the  vertical  position,  and  passing 
in  front  of  the  lower  incisors  when  the  mouth  is  shut  The 
eight  lower  incisoi's  are  narrower  than  those  above,  but  have 
about  the  same  length  of  crown.  Both  upper  and  lower  in- 
cisors are  arranged  in  contact,  or  close  order,  as  in  mammals. 
The  canines,  c  c,  have  the  same  relative  position  to  each 
other  as  in  mammals,  the  lower  passing  in  fronts  and  on  the 
inner  side  of  the  upper,  when  the  mouth  is  shut  Twelve 
close-set  conical  subcompressed  teeth  succeed  the  canine  in 
both  jaws,  holding  the  place  of  the  molar  series ;  they  are 
of  nearly  equal  size,  but  much  less  than  the  canines  ;  those 
of  the  upper  jaw  pa.ss  external  to  the  lower  molars,  when  the 
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mouth  is  shut ;  they  would  pierce  and  cut  like  the  camassial 
molars  of  carnivorous  mammals. 

The  reptilian  nature  of  the  above-descrit)ed  skull  is  shewn 
by  the  single  occipital  condyle,  associated  with  the  contracted 
cranium  and  the  complex  frontal  bone ;  its  crocodilian  affini- 
ties by  its  terminal  single  nostril  The  more  generalized 
saurian  character  is  exemplified  by  the  series  of  small  vascular 
foramina  near  the  alveolar  border  of  the  jaws,  and  by  the 
•'foramen  parietale;"  whilst  a  most  singular  and  suggestive 
approach  to  the  mammalian  class  is  made  in  the  above- 
described  characters  of  the  dentition. 

The  predominance  of  the  canines,  their  seeming  want  of 
successors — ^the  certain  absence,  at  leasts  of  such  evidence  as 
would  have  appeared  had  the  canines  been  subject  to  the 
ordinary  law  of  saurian  dentition — point  to  a  relationship 
with  the  Dicynodonts ;  the  structure  of  the  occipital  region 
of  the  skull  and  the  expanse  of  the  tympanies  and  zygomatic 
arches,  also  conform  to  the  type  of  those  singular  South 
African  reptiles.  The  breadth  and  flatness  of  the  skull  and 
the  proportions  of  the  orbits  and  temporal  fossae  recall  the 
proportions  of  Simomurus  amongst  the  peculiar  saurians  of 
the  trieissic  deposits  of  Germany. 

Genus  Cynochampsa,*  Ow. 

Cynochampsa  laniarivs,  Ow.'j'  This  genus  and  species  are 
indicated  by  the  extremity  of  the  upper  and  lower  jaws, 
from  the  same  formation  and  locality  as  Galesatirtis.  Suf- 
ficient of  the  jaw  is  preserved  to  shew  that  it  must  have 
terminated  in  a  more  or  less  produced  narrow  muzzle,  which, 
including  the  under  jaw,  would  present  a  subcylindrical  trans- 
verse section,  as  in  the  Gavial  and  Teleosaur :  but  a  close-set 
series  of  small  and  similarly  sized  incisor  teeth  are  separated 

*  From  kuon,  a  dog ;  and  champBai,  the  Egyptian  name  for  the  crocodile, 
t  Described  and  figured  in  "  Quarterly  Journal  of  Geological  Society,"  1859, 
p.  63.     PI.  III.  figs.  1-4. 
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from  the  rest  of  the  dentition  by  a  pair  of  upper  and  a  pair 
of  lower  canines,  as  well  contrasted  by  their  superiority  of 
size  as  in  GalesaUrus.  Instead,  however,  of  these  canines 
being  immediately  followed  by  small  molar  teeth,  there  was 
a  toothless  space  extending  at  least  as  far  as  the  upper  jaw 
has  been  preserved  on  the  fossil  under  description  ;  and  this 
space  equals  at  least  twice  the  breadth  of  the  crown  of  the 
upper  canine.  Other  specimens  are  required  to  complete  our 
knowledge  of  the  dentition. 

The  relative  positions  of  the  incisors  and  canines  were 
nearly  the  same  as  in  Galecynvs;  the  crowns  of  the  lower 
canines  were  perhaps  more  completely  concealed  when  the 
mouth  was  shut  The  nostril  is  single,  terminal,  of  a  trans- 
versely oval  shape,  with  the  plane  of  its  outlet  inclined  from 
above  downward  and  forward.  The  aperture  is  bounded  by 
the  premaxillaries-  (fig.  3,  ^^)  below  and  at  the  sides,  and  by 
the  nasals  (t6.  15)  above.  The  extremity  of  the  upper  jaw, 
pierced  by  the  nostril,  is  slightly  expanded,  as  in  the  Teleosaur, 
but  in  a  less  degree  than  in  the  Gavial. 

Order  VI. — Pterosauria. 

Char. — Pectoral  members,  by  the  elongation  of  the  anti- 
brachium  and  fifth  digit,  adapted  for  flight  Vertebrae 
procoelian ;  those  of  the  neck  very  large,  those  of  the 
pelvis  smalL  Most  of  the  bones  pneumatic  Head  large ; 
jaws  long,  and  armed  with  teeth. 

The  species  of  this  order  of  reptiles  are  extinct,  and  peculiar 
to  the  mezozoic  period.  Although  some  members  of  the  pre- 
ceding order  resembled  birds  in  the  shape  or  the  edentulous 
state  of  the  mouth,  those  of  the  present  order  make  a  closer 
approach  to  the  feathered  class  in  the  texture  and  pneumatic 
character  of  most  of  the  bones,  and  in  the  development  of  the 
pectoral  limbs  into  organs  of  flight  (fig.  97).     This  is  due  to 
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au  eloDgatioD  of  the  antibrachial  boDes,  and  more  eepeciaUy 
to  the  still  greater  length  of  the  metacarpal  and  phalangial 
bones  of  the  fifth  or  outermost  digit  (fig.  97,  s),  the  last 
phalanx  of  which  terminates  in  a  point.  The  other  fingers 
were  of  more  ordinary  length  and  size,  and  terminated  by 
claws.  The  number  of  phalanges  Is  progressive  from  the  first 
(%.  97t  ■)  to  the  fourth  (4),  which  is  a  reptilian  character. 


Fig.  97. 
Fossil  BJieletoii  ot  Plerodactj/bu  crauirotlru ;  A,  Sketch  of  living  Pterodactjle. 

The  hnmenis,  with  a  larger  and  more  produced  pectoral 
process  than  in  birds,  shews  characters  intermediate  between 
those  in  that  class  and  in  crocodiles.  The  whole  osseous 
system  is  modified  in  accordance  with  the  possession  of 
wings;  the  bones  are  light,  hollow,  mobv  of  them  permeated 
by  air-cells,  with  thin  compact  outer  walls.    The  scapula  and 
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coracoid  are  long  and  narrow,  but  strong.  The  breast-bone 
had  a  short  but  strong  and  deep  keel,  continued  forward,  in 
advance  of  the  cavities  for  the  coracoids  much  further  than 
in  birds ;  and  the  body  of  the  bone  expands  into  a  semicircxdar, 
slightly  convex,  disc,  separated  by  a  constriction  from  the 
narrower  keeled  part,  supporting  the  coracoids.  The  vertebrae 
of  the  neck  are  few  compared  with  those  of  birds ;  but  they 
are  large  and  strong,  for  the  support  of  a  large  head  with  long 
jaws,  armed  with  sharp-pointed  teeth.  The  skull  is,  however, 
lightened  by  large  vacuities,  of  which  one  (o,  fig.  97)  is  inter- 
posed between  the  nostril  n  and  the  orbit  l.  The  vertebrae  of 
the  back  are  small,  and  grow  less  to  the  tail.  They  are  more 
numerous  than  in  birds,  there  being  in  some  species  seventeen, 
including  one  or  two  ribless  or  lumbar  vertebrae.  Those  of 
the  sacrum  are  small,  from  three  to  seven  in  number:  but 
the  pelvis  is  weak,  and  the  hind  limbs  bespeak  a  creature 
unable  to  stand  and  walk  like  a  bird.  The  body  must  have 
been  dragged  along  the  ground  like  that  of  a  bat  The 
Pterasauria  may  have  been  good  swimmers  as  well  as  flyers. 
The  wings  were  outstretched  membranes,  as  in  bats ;  the  skin 
of  the  body  was  apparently  smooth,  or  finely  wrinkled ;  no 
trace  at  least  of  scales,  hairs,  or  feathers,  has  been  manifested  in 
the  fine-grained  stone  (lithographic),  most  rich  in  Pterodactyle 
remains ;  and  in  which  the  fine  **  bone-tendons,''  and  delicate 
sclerotic  plates  of  the  eye  are  preserved.  The  vertebral  bodies 
unite  by  ball-and-socket  joints,  the  cup  being  anterior,  and  in 
them  we  have  the  earliest  manifestation  of  the  **  procoelian " 
type  of  vertebra.  The  atlas  consists  of  a  discoid  centrum, 
and  of  two  slender  neurapophyses ;  the  centrum  of  the  axis 
is  ten  times  longer  than  that  of  the  atlas,  with  which  it  ulti- 
mately coalesces ;  it  sends  off  from  its  under  and  back  part  a 
pair  of  processes,  above  which  is  the  transversely  extended 
convexity  articulating  with  the  third  cervical  vertebra.  In 
each  vertebra  there  is  a  large  pneumatic  foramen  at  the  middle 
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of  the  side.  The  neural  arch  is  confluent  with  the  centrum. 
The  anterior  ribs  have  a  bifurcate  head.  The  dentition  is 
thecodont. 

A  specimen  of  Pterodactyle,  from  Bavarian  lithographic 
slate,  shewing  apparently  but  two  phalanges  in  the  wing- 
finger,  represents  a  family  (Diarthri),  and  a  genus  Omi- 
ihoptervsy  in  the  system  of  V.  Meyer.*  The  normal  number  of 
phalanges  in  this  characteristic  digit  of  a  Pterosaur  is  four. 
The  metacarpal  bone  varies  in  relative  length  in  different 
species.  In  Pier,  longirostris  it  is  more  than  two-thirds  the  . 
length  of  the  first  phalanx,  in  Pter,  longicollum  it  is  five- 
sixths  that  length ;  whilst  in  Pter,  Gemmingi  it  is  less  than 
one-fifth  the  length  of  the  phalanx  it  supports.  Other 
variations  are  indicated  by  such  specific  names  as,  macronyx 
long-clawed,  micronyx  small-clawed,  crampes  thick-footed, 
longipes  long-footed, — lonffirostrisy  breinrostrisy  crassirostris, 
conirostriSy  compressirosiris,  scolopaciceps,  sirmis,  relating  to 
various  shapes  of  the  head, — mcdivs^  grandis^  vuUurinus^ 
yigarUeuSy  relating  to  size  of  body,  etc.  The  characters  here 
adopted  for  the  genera  of  Pte7'08auria  are  taken  from  the 
dental  system. 

Genus  Dimorphodon,  Ow. 

Sp.  Dimorphodon  maci^onyx^  Bkd. — In  this  species,  from 
the  lower  lias  of  Dorsetshire,  the  teeth  are  of  two  kinds ;  a 
few  at  the  fore  part  of  the  jaws  are  long,  large,  sharp-pointed, 
with  a  full  elliptical  base ;  behind  them  is  a  close-set  row  of 
short,  compressed,  very  small  lancet-shaped  teeth.  In  a 
specimen  fix)m  Lyme  Eegis,  the  skxdl  is  8  inches  long,  and 
the  expanse  of  wing  about  4  feet.  There  is  no  evidence  of 
this  species  having  had  a  long  tail. 

Genus  Eamphorhynchus,  Von  Meyer. — In  this  genus  the 
fore  part  of  each  jaw  is  without  teeth,  and  may  have  been 
encased  by  a  homy  beak,  but  behind  the  edentulous  produe- 

*  '*  Reptilien  aus  dem  LithographiRchen  Schiefer,"  fol.  1S59,  p.  24. 
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tioii  tliere  are  four  or  five  large  and  long  teeth,  followed 
by  several  smaller  ones.     The  tail  is  long,  stiff,  and  slender. 

The  Ramplwrhyiichus  loTvgicaudits^  JS.  Gemmingi,  and  M, 
Afiinsteri  belong  to  this  genus.  All  are  from  the  lithographic 
(middle  oolitic)  slates  of  Bavaria. 

Genus  Pterodactylus,  Cuv. — The  jaws  are  provided  witli 
teeth  to  their  extremities ;  all  the  teeth  are  long,  slender, 
sharp-pointed,  set  well  apart     The  tail  is  very  short 

P.  longirosirisy  Ok. — About  10  inches  in  length ;  from 
lithographic  slate  at  Pappenlieim.  P.  crassirostins^  Goldf. — 
About  1  foot  long ;  same  locality  (fig.  97).  P  Kochiiy  Wagn. 
— 8  inches  long ;  from  the  lithographic  slates  of  Kelilheim. 
P.  viediicsy  Must. — 10  inches  long ;  from  the  lithographic 
slates  at  Meulenhard.  P.  grandiSy  Cuv. — 14?  inches  long; 
from  lithographic  slates  of  Solenhofen.  Two  small  and 
probably  immature  Pterodactyles,  shewing  the  large  cranium, 
short  jaws,  and  unossified  sternum,  characteristic  of  such 
immaturity,  have  been  entered  as  species  under  the  names  of 
P.  brevirostris  and  P.  Mcyeri.  The  latter  shews  the  circle  of 
sclerotic  eye-plates. 

The  fragmentary  remains  of  Pterodactyle  from  British 
oolite — e.  g.y  Stonesfield  slate,  usually  entered  as  Pterodactylus 
Bucklaiidi — indicate  a  species  about  the  size  of  a  cormorant ; 
but  a  portion  answering  to  the  half  of  a  ramus  of  the  man- 
dible, from  this  locality,  measuring  nearly  6  inches  in  length, 
indicates  a  nmch  larger  species.  The  crown  of  one  of  the 
teeth  is  1  inch  2  lines  long,  and  4  lines  broad  at  the  base. 

The  evidences  of  Pterodactyles  from  the  Wealden  strata 
indicate  species  about  16  inches  in  length  of  body.  Those 
(P.  Fittoniy  P.  Sedgvnckiiy  and  P.  simuSy  Ow.)  from  the  upper 
greensand  formation,  near  Cambridge,  with  neck-vertebrse  2 
inches  long,  and  humeri  measuring  3  inches  across  the  proximal 
joint,  had  a  probable  expanse  of  wing  of  from  18  to  20  feet 
The  P.  Cuvieriy  Ow.,  and  P.  comjpressirodins,  Ow.,  frem  the 
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clialk  of  Kent,  attained  dimensions  very  little  inferior  to  those 
of  the  greensand  Pterodactyles. 

With  regard  to  the  range  of  this  remarkable  order  of  flying 
reptiles  in  geological  time,  the  oldest  well-known  Pterodactyle 
is  the  Dirru/rphodon  macronyx^  of  the  lower  lias ;  but  bones  of 
Pterodactyle  have  been  discovered  in  the  coeval  lias  of  Wir- 
temberg.  The  next  in  point  of  age  is  the  Dimorphodon  Bavr 
thensisy  from  the  **  Posidonomyen-schiefer  "  of  Banz  in  Bavaria, 
answering  to  the  alum  shale  of  the  Whitby  lias  ;  then  follows 
the  P.  BuMandi  from  the  Stonesfield  oolite.  Above  tliis 
come  the  first-defined  and  numeix)us  species  of  Pterodactyle 
from  the  lithographic  slates  of  the  middle  oolitic  system  in 
Germany,  and  from  Cirin  on  the  Ehone.  The  Pterodactyles 
of  the  Wealden  are  as  yet  known  to  us  by  only  a  few  bones 
and  bone  fragments.  The  largest  known  species  are  those 
from  the  upper  greensand  of  Cambridgeshire.  Finally,  the 
Pterodactyles  of  the  middle  chalk  of  Kent,  almost  as  remark- 
able for  their  great  size,  constitute  the  last  forms  of  flying 
reptile  known  in  the  history  of  the  crust  of  this  earth. 

Order  VIL — Thecodontia. 

Char. — Vertebral  bodies  biconcave :  ribs  of  the  trunk  long 
and  bent,  the  anterior  ones  with  a  bifurcate  head : 
sacrum  of  three  vertebrae :  limbs  ambulatory,  femur 
with  a  third  trochanter.  Teeth  with  the  crown  more  or 
less  compressed,  pointed,  with  trenchant  and  finely 
serrate  margins  :  implanted  in  distinct  sockets. 

Omiis  Thecodoni'OSAURUS.    K  and  S. 

Sp.  Thecodontomurvs  antiquus. — In  1836  certain  reptilian 
remains  from  the  "  dolomitic  conglomerate*  at  Eedland,  near 
Bristol,  were  described  by  Messrs.  Eiley  and  Stutchbury.* 

*  Geological  Transactions,  2d  series,  vol.  v.,  p.  344. 
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The  matrix  has  been  referred  to  the  Permian  period ;  but  it  is 
now  thought  by  some  good  observers  to  be  not  older  than  the 
triassic. 

The  teeth  in  these  reptilian  fossils  are  lodged  in  distinct 
sockets ;  they  are  arranged  in  a  close-set  series,  slightly  de- 
creasing in  size  towards  the  posterior  part  of  the  jaw ;  each 
ramus  of  the  lower  jaw  contained  twenty-one  teeth.  These 
are  conical,  rather  slender,  compressed  and  acutely  pointed, 
with  an  anterior  and  posterior  finely-serrated  edge,  the  serra- 
tures  being  directed  towards  the  apex  of  the  tooth  ;  the  outer 
surface  is  more  convex  than  the  inner  one ;  the  apex  is  slightly 
recurved ;  the  base  of  the  crown  contracts  a  little  to  form  the 
fang,  which  is  subcylindricaL 

Genus  PALiEOSAURUS,  R.  and  S.  In  the  same  formation  as 
contained  the  jaw  and  teeth  of  the  Thecodontosaurus  two  other 
teeth  were  separately  discovered,  differing  from  the  preceding 
and  from  each  other ;  the  crown  of  one  of  these  teeth  measur- 
ing nine  lines  in  length  and  five  lines  in  breadth.  It  is  com- 
pressed, pointed  with  opposite  trenchant  and  serrated  margins, 
but  its  breadth  as  compared  with  its  length  is  so  much  greater 
than  in  the  ThecacUyntosaurtts,  that  upon  it  has  been  founded 
the  genus  PcdceosauruSy  and  it  is  distinguished  by  the  specific 
name  o{  platyodotiy  from  the  second  tooth,  which  is  referred  to 
the  same  genus  under  the  name  of  Palccosaurus  cylindrodon. 
The  portion  of  the  tooth  of  the  Palccasaurus  cylindrodon  which 
has  been  preserved,  shews  that  the  crown  is  subcompressed 
and  traversed  by  two  opposite  finely-serrated  ridges,  as  in  the 
Thecodontosaurus ;  its  length  is  five  lines,  its  breadth  at  the 
base  two  lines. 

The  vertebrae  associated  with  the  two  kinds  of  teeth  above 
described  are  sub-biconcave,  with  the  middle  of  the  body  more 
constricted,  and  terminal  articular  cavities  rather  deeper  than 
in  Tekosaurus;  but  they  are  chiefly  remarkable  for  the  depth 
of  the  spinal  canal  at  the  middle  of  each  vertebra,  where  it 
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sinks  into  the  substance  of  the  centrum ;  thus  the  canal  is 
wider,  vertically,  at  the  middle  than  at  the  two  ends  of  the 
vertebra :  an  analogous  stiTicture,  but  less  marked,  obtains  in 
the  dorsal  vertebrae  of  the  Khynchosaurus  fix)m  the  new  red 
sandstone  of  Shropshire. 

Besides  deviating  from  existing  lizards  in  the  thecodont 
dentition  and  biconcave  vertebrae,  the  Saurians  of  the  dolomitic 
conglomerate  also  differ  in  having  some  of  their  ribs  articulated 
by  a  head  and  tubercle  to  two  surfaces  of  the  vertebra,  as  at 
the  anterior  part  of  the  chest  in  crocodiles  and  Dinosaurs. 
The  shaft  of  the  rib  was  traversed,  as  in  the  Protorosaur  and 
Ehynchosaur,  by  a  deep  longitudinal  groove.  Some  fragmen- 
tary bones  indicate  obscurely  that  the  pectoral  arch  deviated 
from  the  crocodilian,  and  approached  the  lacertian  or  enalio* 
saurian  type,  in  the  presence  of  a  clavicle,  and  in  the  breadth 
and  complicated  form  of  the  coracoid.  The  sacrum  includes 
at  least  three  vertebrae.  The  humerus  appears  to  have  been 
little  more  than  half  the  length  of  the  femur,  and  to  have  been, 
like  that  of  the  RhynchasauruSy  unusually  expanded  at  the 
two  extremities.  The  femur  is  chiefly  remarkable  for  a  third 
process  or  trochanter,  just  above  the  middle  of  the  shaft  which 
shews  a  medullary  cavity.  The  distal  condyles  are  flattened, 
the  outer  one  being  the  larger;  there  is  a  deep  depression 
between  them  posteriorly,  and  a  very  slight  one  anteriorly. 

The  tibia,  fibula,  and  metatarsal  bones  manifest,  like  the 
femur,  the  fitness  of  the  Saurians  for  progression  on  land. 
The  ungual  phalanges  are  sub-compressed,  curved  downwards, 
pointed,  and  impressed  on  each  side  with  the  usual  curved 
canal. 

The  following  conclusions  may  be  drawn  from  the  know- 
ledge at  present  possessed  of  the  osteology  of  the  Thecodonto- 
saurus  and  Pcdmosaurus :  in  their  thecodont  type  of  dentition, 
biconcave  vertebrae,  double-jointed  ribs,  and  proportionate  size 
of  the  bones  of  the  extremities,  they  agree  with  the  amphi-. 
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ccelian  crocodiles  ;  but  tliey  combiue  a  dinosaiirian  femur,  a 
lacertian  form  of  tooth,  and  a  lacertian  stnictui-e  of  the  pec- 
toral and  probably  pelvic  arch  with  these  crocodilian  charac- 
ters ;  having  distinctive  modifications,  as  the  moniliform 
spinal  canal,  in  which,  however,  the  almost  contemporary 
Ehynchosaur  participates.  It  would  be  interesting  to  ascer- 
tain whether  the  caudal  vertebrae  are  characterized,  as  in  the 
Thuringian  Protorosaur,  by  double  diverging  spinous  processes. 

Gentos  Belodon,  Von  Meyer. 

Sp.  Bdodoyi  Plicningeri, — The  reptile  from  the  upper  white 
keuper  sandstone  of  Wirtemberg,  described  by  Plieninger,* 
agi-ees  in  its  essential  characters  so  closely  with  the  thecodont 
Saurians  of  the  Bristol  conglomerate  as  to  add  to  the  proba- 
bility of  both  belonging  to  the  same  lower  mezozoic  period. 
Three  vertebrae  are  modified  to  afford  adequate  attachment  to 
the  iliac  bones  in  Belodon^  and  the  femur  shews  the  third 
trochanter,  affording  the  same  evidence  of  affinity  to  Dino- 
sauria  as  in  the  English  Thecodonts. 

Genus  Cladyodon,  Ow. 

Sp.  Cladyodon  Lhydii. — In  the  Memoir  on  the  Triassic 
Bed  Sandstones  of  Warwick,  by  Murchison  and  Strickland, 
published  in  1840,  in  the  2d  series  of  the  Geological  Transac- 
tions, vol.  v.,  a  tooth,  which  is  an  extremely  rare  fossil  in  those 
English  formations,  was  figured  in  pi.  xxviii,  fig.  6. 

Having  had  the  opportunity  of  studying  the  original 
specimen  and  fragments  of  some  others  of  seemingly  the 
same  species  from  the  new  red  sandstones  of  Warwick  and 
Leamington,  the  writer  recognized  the  affinity  of  the  reptile 
l>ossessing  those  teeth  to  the  thecodont  reptiles  of  the  Bristol 
conglomerate,  and  indicated  what  appeared  to  be  a  generic 

*  Wiirtemb.  naturf.  .Tahreshefte,  viii,.  Jahrg.  1857,  p.  380.  Jaeger's 
Piiytosauru9  appears  to  have  been  founded  on  casts  of  the  sockets  of  the  teeth 
of  Belodon. 
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modification  of  dental  form  by  tlie  term  Cladyodon,*  He 
subsequently  received  other  specimens  of  the  teeth  character- 
izing this  genus,  which  may  be  described  as  being  two-edged, 
sub-compressed ;  the  sides  more  or  less  convex ;  the  edges 
more  or  less  sharp,  and  frequently  finely  serrate ;  the  crown 
slightly  bent  sideways,  the  inner  side  towards  the  mouth- 
cavity.  The  teeth  are  sometimes  lancet-shaped,  through  con- 
vergence of  the  edges  towards  point ;  sometimes  through  one 
edge  being  convex  and  the  other  concave,  the  crown  is  slightly 
curved  or  sickle-shaped ;  sometimes,  through  use,  the  point  is 
blunted.  The  enamel  is  very  thin,  smooth,  shewing  under 
the  lens  a  slight  longitudinal  striation,  forming  wrinkles. 
The  dentine  is  disposed  in  concentric  layers ;  it  is  not  laby- 
rinthic ;  the  base  of  the  tooth  shews  a  conical  pulp-cavity. 
These  teeth  indicate  a  Saurian  about  ten  feet  in  length. 

The  writer  cannot  discern  any  generic,  or  even  good  specific 
distinctions,  between  the  teeth  of  Cladyodon,  from  the  War- 
wickshire keuper,  and  those  of  Bdodon  fi*om  the  Wirtemberg 
keuper.  Both  are  nearly  allied  to  the  thecodonts  of  the 
Bristol  conglomerate. 

The  two  following  genera  are  referred  provisionally  and 
with  doubt  to  the  present  order  : — 

Genus  Bathygnathus,  Leidy. 

Sp.  Bathygnathus  horealis,  Leidy. — Allied  to  the  Cladyodon 
by  the  shape  of  the  teeth  is  the  Saurian  from  the  new  red 
sandstone  of  Prince  Edward's  Island,  North  America,  the 
generic  and  specific  characters  of  which  have  been  deduced 
by  Dr.  Leidy  t  from  a  portion  of  lower  jaw,  containing  seven 
teeth,  but  with  interspaces  from  which  others  have  been  lost. 
The  depth  of  the  dentary  bono  is  five  inches ;  a  peculiaiity 

*  Reports  of  the  BritiHh  Association,  "  Brit.  Fossil  ReptileSi"  1841,  p.  155. 
(See  fuller  descriptions,  with  figures,  in  Odontography^  pi.  62,  A,  fig.  4,  a,  6.) 

t  Journal  of  the  Academy  of  Sciences,  Philadelphia,  vol.  ii.,  p.  327,  pi. 
xxxiii. 
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which  siiggest4*d  the  generic  name  (bathusy  deep ;  gnatJios^ 
jaw).  The  precise  mode  of  implantation  of  the  teeth  is  not 
described. 

The  fossil  was  discovered  at  a  depth  of  21  feet  from  the 
surface,  in  a  red  sandstone  supposed  to  be  of  the  same  age  as 
that  of  Connecticut,  so  remarkable  for  the  various  and  singular 
foot-marks,  refemble,  some  to  reptiles,  and  others  to  large 
birds. 

Genus  Protorosaurus,  Von  Meyer. 

Sp.  Protorosauiiis  Spencriy  Von  M. — ^The  first  fossil  Saurian 
on  record  is  that  which  marks  the  circumstance  by  its  generic 
name,  and  honours  its  describer  by  the  specific  one.  The 
slab  of  ''copper-slate"  from  the  Permian  beds  of  Eisenach  in 
Thuringia,  displaying,  either  in  fossils  or  impressions,  the 
skull,  vertebral  column,  and  bones  of  the  fore  foot  of  the 
i-eptile  in  question,  was  figured  and  described  by  Spener,  a 
physician  at  Berlin,  in  1710.*  The  original  specimen  is  now 
in  the  museum  of  the  Soyal  College  of  Surgeons,  London, 
where  it  forms  part  of  the  Hunterian  series  of  fossils.t  It 
was  obtained  from  a  copper-mine  near  Eisenach,  at  a  depth  of 
1 00  feet  from  the  surface. 

A  second  specimen,  shewing  the  two  fore-limbs,  a  hind 
limb,  and  part  of  the  trunk,  was  described  by  Link  in  1718.t 
Cuvier  gives  copies  of  portions  of  two  other,  specimens  in  his 
Ossemens  Fo8siles.% 

The  healthy,  honest  mind  of  Spener  is  shewn  by  the  con- 
clusions which  he  formed  from  the  state  of  preservation  of 
his  specimen — "  onmia,  enim,  minutissima,  etiam  apophyses, 
spina?,"  etc., — and  from  its  association  with  equally  well- 
preserved  remains  of  fishes,  and  even  of  the  delicate  leaves  of 
plants — against  the  notions  of  those  fossils  merely  simulating, 

*  Miscellanea  Berolinensia,  4to,  i.,  p.  99,  figs.  24  and  25. 

t  *•  Catalogne  of  Fossil  Reptiles  and  Fishes,"  4to,  1864,  p.  80,  No.  308. 

I  Acta  Eruditorani,  1718,  p.  188,  pi.  ii. 

§  Ed.  8vo,  1836,  pi.  ccxxxvii.,  figs.  1  and  2. 
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and  never  having  been,  the  living  oi-ganisms  which  they 
represented — notions  which  were  then  advocated  under  the 
sounding  phrase  of  "  plastic  force,^  as  they  have  lately  been 
under  that  of  **  prochronism/*  Spener's  only  doubt  was, 
whether  the  reptile  had  been  a  crocodile  or  a  lizard  ;  but  he 
inclined  to  the  former  view,  on  account  of  the  proportions  of 
the  head  to  the  trunk. 

The  head  equals  one-third  the  length  of  the  neck  and 
trunk,  and  resembles  in  shape  a  long,  slender,  obtusely 
pointed  cone ;  it  has  strong  straight  jaws,  armed  with  sub- 
slender,  sub-equal,  straight,  conical,  sharp-pointed  teeth ;  about 
18  on  each  side  of  the  upper,  and  16  on  each  side  of  the  lower 
"jaw,  implanted  in  a  single  close-set  series  of  sockets.  A 
small  and  short  atlas  is  succeeded  by  six  cervical  vertebrae, 
remarkable  for  their  size  and  strength,  the  4th  being  almost 
one-third  the  length  of  the  lower  jaw  ;  the  6th  and  7th  de- 
crease in  size,  and  the  8th  supports  a  rib  of  the  thickness  of 
those  of  the  trunk.  In  the  preceding  neck-vertebne,  the 
ribs  present  the  long  and  slender  characters  of  the  bone  ten- 
dons of  the  neck  muscles,  with  which  they  are  associated  in 
function.  Fifteen  or  sixteen  vertebra?,  about  half  the  length 
of  those  of  the  neck,  intervene,  in  Spener^s  specimen,  be- 
tween the  7th  cervical  and  the  sacral  vertebrae.  The  sacnim 
equals  four  of  the  crushed  vertebrae  in  length ;  twenty-one 
caudal  vertebrae  are  preserved ;  but  Link's  and  later  ac- 
quired specimens  indicate  the  number  to  have  exceeded  forty. 
The  neural  spines  of  the  anterior  caudal  vertebrae  are  rather 
long,  sub-quadrate,  truncate ;  but  they  gradually  expand 
above,  and  at  the  10th  caudal  a  notch  appears,  which,  deep- 
ening as  the  vertebrae  recede  from  the  trunk,  divides  the  spine 
into  two  equal  diverging  processes,  a  structure  peculiar  to  the 
Protorosaur.  The  haemal  arches  articulate  with  the  vertebral 
interspaces,  and  have  longer  and  more  slender  spines,  simply 
expanded  at  their  end.     Both  fore  and  hind  limbs  are  penta- 
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dactyle  ;  the  til's t  shorter  tlian  the  last,  especially  in  the  fore- 
arm aiid  hand  ;  both  bearing  to  each  other,  and  to  the  entire 
body,  nearly  the  proportions  of  those  of  the  Monitor  lizards, 
but  with  the  hind  limbs  proportionally  longer,  and  the  bones 
of  both  limbs  thicker  and  stronger.  There  are  eight  cai'pal, 
and  six  tarsal  bones.  The  digits  of  the  hand  present,  from 
the  innermost  outward,  including  the  metacarpals  3,  4,  5,  6, 
4,  bones,  respectively ;  the  digits  of  the  foot  include  3,  4,  5, 
0,  5,  bones. 

Of  existing  reptiles,  the  large  carnivorous  Varanian  moni- 
tors {Varanus,  Hydrosawnis,  e.g.)  ofier  most  resemblance  to 
the  Protorosaui-us ;  which  had  evidently  the  same  powers  of 
progression,  as  well  on  land  as  in  water.  But  this  oldest 
known  lizard  presented  a  more  powerful  and  complex  frame- 
work. The  neck  is  longer  and  stronger,  the  vertebrae  rivalling 
in  proportion  those  of  the  Pterodactyles ;  the  head  is  rela- 
tively larger,  and  with  more  firmly  fixed  teeth  ;  the  dorsal 
spines  are  loftier  and  larger  than  in  modem  monitors  ;  the 
larger  sacrum  accords  with  the  relatively  larger  and  stronger 
hind  limbs.  The  more  numerous  diverging  processes  for  the 
attachment  of  the  tail-muscles  bespeak  the  more  vigorous 
actions  of  that  part.  All  the  vertebral  bodies  have  sub-con- 
cave ai'ticular  ends ;  and  it  may  be  concluded,  from  the  length 
and  strength  of  the  tail,  from  the  peculiar  provision  for 
nniscular  attachments  in  that  part,  and  from  the  proportions 
of  the  hind  limbs,  that  the  Protorosaurus  was  of  aquatic  habits, 
and  that  the  strength  of  its  neck  and  head,  and  the  sharp- 
ness of  its  teeth,  enabled  it  to  seize  and  overcome  the  struggles 
of  the  active  fishes  of  the  waters  which  deposited  the  old 
Thuringiau  copper-slates. 

At  Elgin,  in  Scotland,  in  a  fine-grained  whitish  sandstone, 
cemented  by  carbonate  of  lime,  situated  between  "  Old  Eed'* 
and  *'  Purbeck"  formations,  and  resting  conformably  upon  the 
former,   evidences    of   Saurian  (Crocodilian   and   Lacertian) 
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reptiles,  characteristic  of  triassic  time,  have  been  discovered. 
The  remains  of  the  large  i*eptile,  with  pitted  bony  dermal 
scales,  had  been,  on  their  first  discoveiy,  referred  to  a  genus 
of  fishes  by  Agassiz,  under  the  name  of  StagonolepiSy  or  "pitted- 
scale,''  probably  from  the  belief  that  the  formation  belonged 
to  the  "Old  Eed  System."  I  determined  the  crocodilian 
natui^e  of  the  scales,  and  the  affinity  of  the  reptile  to  the 
Thecodonts,  in  the  breadth  of  the  coracoid  or  pubis  as  shewn 
by  the  cast  of  the  bone,  at  the  meeting  of  the  British  Associa- 
tion at  Leeds,  in  September  1858.  T  have  since  been  favoured 
by  Mr.  P.  Duff,  of  Elgin,  with  a  tooth.  It  is  **  thecodont "  in 
character,  like  that  of  Cladyodon^  and  is  associated  with  scales 
of  Stagonolepis :  which,  by  the  confluence  of  the  pits  into 
irregular  channels,  radiating  towards  the  maigin,  present  a 
labyrinthodont  character. 

In  the  same  sandstone,  in  the  quarry  at  Cummingstone, 
near  Elgin,  a  continuous  series  of  thirty-four  foot-prints  have 
been  obsen^ed.  The  impressions  are  in  pairs,  forming  two 
parallel  rows,  the  hind  one  being  one  inch  in  diameter. 

I  had  some  years  before  determined  the  true  saurian 
nature  of  the  impression  of  the  skeleton  of  the  trunk  and  part 
of  the  head  of  a  small  reptile  discovered  by  Mr.  Duff  at 
Spynie,  and  noticed  by  him  in  the  "Elgin  Courant"  of 
October  10th,  1851,  as  evidence  of  an  air-breathing  vertebrate 
in  "  Old  Eed  Sandstone."  The  specimen  was  submitted  by 
Mr.  Duff  to  my  examination,  the  result  of  which  was  given, 
December  15,  1851,  in  the  '*  Literary  Gazette  "  of  that  week, 
as  follows : — 

"  It  is  the  impression,  in  two  pieces,  of  a  grey  variety  of 
the  old  red  sandstone,  of  a  long  and  slender  four-footed 
vertebrate  animal,  four  inches  and  a  half  in  length,  clearly 
belonging,  by  the  form,  proportions,  and  positions  of  the 
scapular  and  pelvic  arches,  and  their  appended  limbs,  to  the 
reptilian  class.     The  osseous  substance  has  disappeared  ;  the 
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cavities  in  the  sandstone  which  contained  it  I'emain,  stained 
by  a  deposit  of  an  ochreous  tint  The  impressions  are  so  well 
defined,  as  clearly  to  shew  that  there  were  twenty-six  verte- 
brae between  the  skull  and  sacrum,  two  sacral  vertebrse,  and 
thirteen  caudal  vertebrae,  before  the  tail  disappears  by  dipping 
into  an  unexposed  part  of  the  matrix.  Impressions  of 
twenty-one  pairs  of  ribs  are  preserved,  all  very  slender,  short 
where  they  commence  near  the  head,  but  rapidly  gaining 
length  as  they  are  placed  further  back.  The  cervical  and 
anterior  ribs  are  expanded,  but  not  bifurcate,  at  their  vertebral 
end ;  all  the  ribs  articulate  close  to  the  bodies  of  the  vertebra3. 
In  the  crocodilian  reptiles  the  anterior  ribs  are  bifurcate,  and 
the  posterior  ones,  with  a  simple  hetul,  articulate  with  long 
diapophyses.  The  distinctive  characters  of  the  batrachian 
skeleton  are  the  double  occipital  condyle  ;  ribs  wanting,  or 
very  short  and  subequal ;  a  single  sacral  vertebra,  and  rib- 
shaped  ilium.  The  first  character  cannot  be  determined,  the 
occipital  articulation  not  being  preserved  in  the  fossiL  Instead 
of  the  second  character,  the  fossil  shews  ribs  of  varied  length, 
and  most  of  them  much  longer  than  in  the  salamanders,  newts, 
or  any  known  Batrachian.  With  regard  to  the  third  character, 
the  impression  in  the  matrix  clearly  shews  two  sacral  vertebrae 
and  a  short  subquadrate  pelvis. 

"Both  the  humerus  and  the  femur  shew  the  lacertian 
sigmoid  shape,  and  near  equality  of  length,  which  distinguish 
them  alike  from  the  crocodilian  and  batrachian  orders ;  they 
are  likewise,  as  in  lizards,  relatively  longer  than  in  the  newts 
and  salamanders.  Near  the  imperfect  impression  of  the  head 
may  be  seen  the  hollow  bases  of  some  large,  slightly-com- 
pressed, conical  teeth,  which  also  tell  for  the  saurian  and 
against  the  batrachian  nature  of  this  ancient  reptile.  I  propose 
to  call  it  Leptopleurmi  laceriinumJ*  Many  pai*ticulars  of  minor 
import,  beailng  upon  the  more  immediate  affinities  of  this 

*  J^epto8,  slender;  pleuron,  rib. 
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most  rare  and  iuterestiDg  fossil,  have  been  noted,  and  will  be 
given,  with  the  figures,  in  my  History  of  British  Fossil  Eeptiles, 
for  which  work  Mr.  Duff  has  kindly  consented  to  place  the 
specimen  at  my  disposal  In  the  meanwhile,  I  beg  to  offer 
the  above  precis  of  the  main  characters  of  the  fossil. — Sichaud 
Owen.'' 

Other  PalsBontologists  regarded  the  fossil  as  a  batrachian 
reptile ;  but  no  evidence,  osteological  or  dental,  has  been 
pointed  out  in  support  of  this  view. 

With  regard  to  the  geological  age  of  the  matrix^  the  author 
has  remarked,  in  the  article  "  Palaeontology,"  where  the  belief 
of  some  eminent  geologists  on  the  Devonian  age  of  the  stratum 
is  quoted — ^  As  yet,  however,  no  characteristic  Devonian  or 
'  Old  Bed '  fossils  of  any  class  have  been  discovered  associated 
with  the  foregoing  evidences  of  reptiles,  which,  according  to 
the  determination  of  strata  by  characteristic  fossils,  would 
belong  to  the  secondary  or  mezozoic  period."*  The  sum  of 
subsequent  evidence,  including  Khynchosaurus  with  Lepto- 
pleuran  and  Stagonolepis,  testifies  to  the  triassic  age  of  the 
sandstones  in  question. 

Order  VIII. — Dinosauria. 

Cfiar. — Cervical  and  anterior  dorsal  vertebrae  with  par-  and 
di-apophyses,  articulating  with  bifurcate  ribs ;  dorsal 
vertebrae  with  a  neural  platform,  sacral  vertebrae  ex- 
ceeding two  in  number  ;  body  supported  on  four  strong 
unguiculate  limbs. 

The  well-ossified  vertebrae,  large  and  hollow  limb-bones, 
and  tritrochanterian  femora  of  the  thecodont  reptiles  of  the 
Bristol  conglomerate,  together  with  the  structure  of  the  sacral 
vertebrae  in  the  allied  Belodon^  indicate  the  beginning,  at  the 

*  EncyclopaBclia  Britannica,  vol.  xzii.,  p.  130. 
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triassic  period,  of  an  order  of  Rejptilia  which  acquircd  its 
full  development  and  typical  characteristics  in  the  oolitic 
])eriod. 

Genus  ScELiPOSAURUS,  Ow. — ^The  earliest  evidence  of  a 
true  Dinosaur  is  that  on  which  the  present  genus  was  founded: 
it  consists  of  the  largest  proportion  of  the  skeleton  hitherto 
obtained  of  any  terrestrial  herbivoi-ous  reptile.  These  inter- 
esting remains  were  discovered  by  John  Harrison,  Esq.  of 
Charmouth,  in  the  upper  member  of  the  lower  lias  on  that 
part  of  the  Dorsetshire  coast.  The  cranium  shews  the  lacer- 
tian  T-shaped  parietal,  short  and  wide  temporal  fossae,  and 
orbits  bounded  above  by  post-fi-ontal,  super-orbital,  and  pre- 
frontal bones,  the  mid-frontals  being  excluded  from  the  orbital 
boundary.  The  malar  and  squamosal  form  a  strong  zygo- 
matic arch  below,  and  distinct  from  that  formed  by  the  post> 
frontal  and  mastoid.  Both  upper  and  lower  jaws  are  traversed 
by  a  longitudinal  ridge,  from  which  the  alveolar  plates  bend 
inwards  as  they  approach  each  other.  The  upper  teeth  pass 
outside  the  under  teeth  when  the  mouth  is  closed.  They  are 
sub-equal,  and  implanted  in  close-set  sockets,  so  that  the  ex- 
panded crowns  slightly  overlap  each  other.  In  Scelidosaurus 
the  crown  diminishes  in  thickness  to  the  apex,  but  gains  in 
breadth  along  its  basal  half,  when  the  margins  converge 
straight  to  the  pointed  apex  ;  these  margins  are  serrate,  the 
basal  denticle  being  the  largest.  The  fetnur  is  long,  with  a 
wide  medullary  cavity,  and  the  third  inner  twchanter.  Both 
tibia  and  fibula  articulate  with  the  condyles  at  the  knee- 
joint  There  are  four  digits  to  the  hind  foot,  with  broad,  de- 
pressed, obtuse  claw-bones ;  the  number  of  bones,  including 
the  metatarsal,  in  each  toe,  is  respectively,  3,  4, 5,  6  ;  the  fifth 
or  outermost  toe  is  reduced  to  a  rudiment  of  the  metatai'sal, 

OcTvus  Megalosaurus,  Bkld. — The  true  dinosaurian  cha- 
racters of  this  reptile  have  been  established  by  the  discovery 
of  the  sacrum,  which  consists  of  five  vertebrae,  interlocked  bv 
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the  alternating  position  of  neural  arch  and  centrum.  The 
articular  surfaces  of  the  free  vertebrae  are  nearly  flat ;  the 
neural  arch  develops  a  platform  which  in  the  anterior  dorsals 
supports  very  long  and  strong  spines. 

The  compressed  piercing  and  trenchant  form  of  tooth 
which  characterizes  the  existing  varanian  lizards  was  mani- 
fested by  the  Megalosaunis.  The  specimen  which  is  most 
illustrative  of  the  dental  peculiarities  of  this  gigantic  reptile 
is  a  portion  of  the  lower  jaw  with  a  few  teeth,  from  the  oolitic 
slate  of  Stonesfield,  Oxfordshire.  The  first  character  whicli 
attracts  attention  in  this  fossil  is  the  inequality  in  the  height 
of  the  outer  and  inner  alveolar  walls ;  a  similar  inequality 
characterizes  the  jaws  of  ahnost  all  the  existing  lizards.  But 
in  these  the  oblique  groove,  so  bounded,  to  which  the  bases  of 
the  developed  teeth  are  anchylosed,  is  much  more  shallow,  and 
is  relatively  wider ;  and  the  teeth  in  all  the  stages  of  growth 
are  completely  exposed  when  the  gum  has  been  removed. 

In  the  Megalosaurus  the  greater  relative  development  of 
the  inner  alveolar  wall,  as  compared  with  the  dentigerous  part 
of  the  jaw  in  existing  Saurians,  deepens  the  dental  groove,  and 
covers  a  greater  proportion  of  the  bases  of  the  teeth,  besides 
concealing  more  or  less  completely  the  germs  of  their  succes- 
sors. Moreover,  instead  of  the  mere  shallow  impressions  upon 
the  inner  side  of  the  outer  alveolar  plate  to  which  the  teeth 
are  attached  in  modem  lizards,  there  are  distinct  sockets 
formed  by  bony  partitions  connecting  the  outer  with  the  inner 
alveolar  wall  in  the  jaw  of  the  Megalosaurus.  These  parti- 
tions rise  from  the  outer  side  of  the  inner  alveolar  wall  in  the 
form  of  triangular  vertical  plates  of  bone,  and  from  the  middle 
of  the  outer  side  of  each  plate  a  bony  partition  crosses  to  the 
outer  parapet^  completing  the  alveoli  of  the  fully-formed  or 
more  advanced  teeth  ;  the  series  of  triangular  ^plates  forming 
a  kind  of  zig-zag  buttress  along  the  inner  side  of  those  alveoli. 
The  outer  parapet  rises  an  inch  higher  than  the  inner  one. 
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Fig.  9b  exhibits  ii  ^wrtiuii  til'  aiiot.lmr  jaw  <>l'  tlic  Me^a/o- 


Fig,  98. 
Soclion  ofjaw  with  leelh  of  llie  Megalotattrvt  BucHandi.  m 
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sauniSy  also  from  Stonesfield  oolite,  from  which  the  inner  wall 
has  been  removed  to  shew  the  germ  of  a  successional  tooth  c, 
about  to  succeed  an  old  tooth  a,  which  has  been  broken,  and 
near  to  which  is  a  newly-formed  tooth  i,  coming  into  place. 
These  teeth  will  exemplify  the  shape  of  the  crown  of  the  tooth, 
which  is  subcompressed,  slightly  recurved,  sharp  edged,  and 
sharp  pointed,  the  edges  being  minutely  serrated ;  the  edge 
upon  the  convex  or  front  border  h  becomes  blunted  as  it 
descends  about  two-thirds  of  the  way  towards  the  base  of  the 
tooth ;  that  upon  the  concave  hinder  border  a  is  continued  to 
the  base.  The  lower  half  of  the  crown  is  thicker  towards  the 
fore  margin  than  towards  the  hind  one  ;  so  that  a  transverse 
section,  like  that  above  a,  in  fig.  98,  gives  a  narrow  oval  form 
pointed  behind.  The  crown  is  covered  by  a  smooth  and 
polished  enamel,  which  wholly  forms  the  marginal  serrations. 
The  base  of  the  tooth  is  coated  with  a  smooth,  light-coloured 
cement,  forming  a  thin  layer,  and  becoming  a  little  thicker 
towards  the  implanted  end  of  the  tooth.  The  main  body  of 
the  tooth  consists  of  dentine,  of  that  hard  unvascular  kind  of 
which  the  same  part  of  the  teeth  of  existing  crocodiles  and 
most  mammals  is  composed.  The  remains  of  the  pulp  are 
converted  into  osteo-dentine  in  the  basal  part  of  the  com- 
pletely formed  tooth.  Moderately  magnified,  the  surface  of 
the  enamel  presents  a  finely  wrinkled  appearance.  The 
marginal  serrations  shew,  under  a  somewhat  higher  power, 
that  the  points  are  directed  towards  the  apex  of  the  tooth — 
a  structure  well  adapted  for  dividing  the  tough  tissues  of  the 
saurian  integument 

A  series  of  teeth  from  individual  Megalosaurs,  of  different 
ages,  are  preserved  in  the  British  Museum  and  in  the  geolo- 
gical museum  at  Oxford ;  although  diflering  in  size,  they 
preserve  the  characteristic  form  above  described.  In  one 
specimen  the  point  of  the  crown  and  the  trenchant  margins 
have  been  rubbed  down  to  a  smooth  obtuse  surface  ;  it  seems 

u 
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to  have  come  from  the  hinder  part  of  the  deutal  series,  where 
the  teeth  may  have  been  smaller  and  less  sharp,  or  more 
liable  to  be  blunted  by  a  greater  share  in  the  imperfect  act  of 
mastication,  than  the  teeth  in  advance. 

Successional  teeth  in  different  stages  of  growth  are  shewn 
in  the  original  portion  of  jaw  of  the  Megalosaur  in  the  Oxford 
museum.  Some,  more  advanced,  shew  their  crowns  projecting 
from  alveoli  already  formed  by  the  plates  extending  across 
from  the  triangular  processes  before  described:  vacant  sockets, 
from  which  fully-formed  teeth  have  escaped,  occur,  generally 
in  the  intervals  between  these  more  advanced  teeth.  The 
summits  of  less  developed  teeth  are  seen  protruding  at  the 
inner  side  of  the  basal  interspaces  of  the  triangular  plate, 
between  them  and  the  true  internal  alveolar  parapet  In 
the  course  of  the  development  of  these  teeth,  corresponding 
changes  take  place  in  the  jaw  itself,  by  which  new  triangular 
plates  and  alveolar  partitions  are  formed,  as  the  old  ones 
become  absorbed ;  analogous  to  those  concomitant  changes 
in  the  growth  and  form  of  the  teeth,  alveoli,  and  jaws, 
wliich  take  place  in  so  striking  a  degree  in  the  elephant 
The  peculiarity  of  the  Megalosaur,  as  compared  with  the 
crocodiles  and  lizards,  which  have  a  like  endless  succession  of 
teeth,  is  the  deejier  position  of  the  successional  tooth  (fig.  98, 
c),  in  relation  to  the  one  (a)  it  is  destined  to  replace,  and  the 
great  proportion  of  the  tooth  which  is  formed  before  it  is  pro- 
truded. The  anterior  tooth  a  in  this  specimen  shews  at  the 
inner  side  of  its  base  the  commencing  absorption  stimulated 
by  the  encix)aching  capsule  of  the  successional  tootH  c  below, 
the  crown  of  which  is  completed  externally,  though  not  con- 
solidated. On  one  of  the  fractured  margins  of  this  piece  of  jaw, 
a  part  of  the  basal  shell  of  an  absorbed  and  shed  tooth  remains, 
with  part  of  the  root  of  the  successional  tooth,  which  has  risen 
into  place,  but  which  shews  its  base  full  of  matrix,  the  pulp 
not  having  been  calcified  at  that  period  of  the  tooth's  growth. 


DINOSAURIA.  291 

In  the  proportion  of  the  successional  teeth  which  is  formed 
in  the  formative  cavity  in  the  substance  of  the  jaw,  the  Mega- 
losaur  offers  a  closer  resemblance  to  the  mammalian  class 
than  do  any  of  the  recent  or  extinct  crocodilian  or  lacertian 
reptiles.  But  the  evidence  of  uninterrupted  and  frequent 
succession  of  the  teeth  in  the  Megalosaur  is  imequivocal ; 
and  this  part  of  the  dental  economy  of  the  great  carnivorous 
reptile  is  strictly  analogous  to  that  which  governs  the  same 
system  in  the  existing  members  of  the  class.  The  difTerent 
forms  of  the  teeth  at  diflferent  stages  of  protrusion  did  not  fail 
to  attract  the  attention  of  the  gifted  discoverer  of  the  great 
predatory  saurian,  in  whose  words  this  notice  of  its  dentition 
may  be  fitly  concluded  : — 

"  In  the  structure  of  these  teeth  we  find  a  combination  of 
mechanical  contrivances  analogous  to  those  wliich  are  adopted 
in  the  construction  of  the  knife,  the  sabre,  and  the  saw.  When 
first  protruded  above  the  gum,  the  apex  of  each  tooth  presented 
a  double  cutting  edge  of  serrated  enamel  In  this  stage  its 
position  and  line  of  action  were  nearly  vertical ;  and  its  form, 
like  that  of  the  two-edged  point  of  a  sabre,  cutting  equally  on 
each  side.  As  the  tooth  advanced  in  growth,  it  became  curved 
backwards  in  the  form  of  a  pruning-knife,  and  the  edge  of 
serrated  enamel  was  continued  downwards  to  the  base  of  the 
inner  and  cutting  side  of  the  tooth,  whilst  on  the  outer  side  a 
similar  edge  descended,  but  a  short  distance  from  the  point ; 
and  th&  convex  portion  of  the  tooth  became  blunt  and  thick, 
as  the  l^ack  of  a  knife  is  made  thick  for  the  pui'pose  of  pro- 
ducing strength.  The  strength  of  the  tooth  was  further  in- 
creased by  the  expansion  of  its  side.  Had  the  serrature 
continued  along  the  whole  of  the  blunt  and  convex  portion  of 
the  tooth,  it  would  in  this  position  have  possessed  no  useful 
cutting  power ;  it  ceased  precisely  at  the  point  beyond  which 
it  could  no  longer  be  effective.  In  a  tooth  thus  formed .  for 
cutting  along  its  concave  edge,  each  movement  of  the  jaw 
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tfimbiued  tlie  power  of  tlie  knife  and  saw  ;  whilst  the  apex, 
in  making  the  first  incision,  acted  like  the  two-edged  point  of 
a  sabre.  The  backward  curvature  of  the  full-grown  teeth 
(inabled  them  to  retain,  like  barbs,  the  prey  which  they  had 
penetrated,  In  these  adaptations  we  see  contrivances  which 
human  ingenuity  has  also  adopted  in  the  preparation  of 
various  instruments  of  art."* 

The  oldest  known  beds  from  which  any  remains  of  Megalo- 
saurus  have  been  obtained  are  at  the  lower  oolites  at  Selsby 
Hill,  and  Chipping-Nortou,  Gloucestershire.  Abundant  and 
characteristic  remains  occur  in  the  Stouesfield  slate,  Oxford- 
shire. Teetli  of  this  genus  have  been  found  in  the  Combraah 
and  Bath  oolite ;  botli  teeth  and  bones  are  common  in  the 
Wealden  strata  and  Purbeck  limestone.  Some  of  these  fossils 
indicate  a  reptile  of  at  least  30  feet  in  length. 

Genua  HYLiEosAURUS,  MtU. — Remains  of  the  Dinosaurian 
so  called  have  hitherto  been  found  only  in  Wealden  strata,  as 
at  Tilgate,  Bolney,  and  Battle.     The  most  instructive  evidence 


Fig.  99. 
H^aotaarv  (Weddeii). 

is  that  which  was  exposed  by  tlie  quanymen  of  the  Wealden 
stone  at  Tilgate,  and  was  obtained  and  described  by  Mantell 

*  Backland,  >'  BridgavKter  TtMtise,  p.  236. 
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in  1832.  It  consisted  of  a  block  of  stone  measuring  4?^  feet 
by  2J  feet  (fig.  99),  and  included  the  following  parts  of  the 
skeleton  in  almost  natural  juxtaposition  : — ip,  anterior  verte- 
brae, the  first  supporting  part  of  the  base  of  the  skull ;  several 
ribs,  4,4;  some  enormous  dermal  bony  spines,  5,6,6,  which 
supported  a  strong  defensive  crest  along  the  back ;  two  cora- 
coids,  7,  7 ;  scapulae,  8,  8 ;  and  some  detached  vertebrae  and 
fragments  of  bones.  In  1841  the  writer  shewed  that  the 
sacrum  was  dinosaurian,  and  included  five  vertebrae. 

The  teeth  are  relatively  small,  close-set>  thecodont  in  im- 
plantation, with  a  subcylindrical  fang  and  a  subcompressed 
slightly  expanded  and  incurved  crown,  with  the  borders  of 
the  apical  half  straight  and  converging  to  the  blunt  apex, 
but  not  serrate  as  in  Scdidosaurvs.  They  indicate  rather  a 
mixed  or  vegetable  diet  than  a  carnivorous  one.  The  skin 
was  defended  by  subcircular  bony  scales.  The  length  of  the 
Hylaeosaur  may  have  been  25  feet. 

Genvs  Iguanodon,  MtlL — Remains  of  the  large  herbivor- 
ous reptiles  of  this  genus  have  been  found  in  Wealden  and 
neocomian  (greensand)  strata.  Femora,  four  feet  in  length, 
shewing  the  third  inner  trochanter,  have  been  discovered. 
The  sacrum  included  five,  and  in  old  animals  six,  vertebrae  ; 
the  claw-bones  are  broad,  flat,  and  obtuse.  There  were  only 
three  well-developed  toes  on  the  hind  foot ;  and  singular  large 
tridactyle  impressions  in  the  Wealden  at  Hastings,  have  been 
conjectured  to  have  been  made  by  the  Iguanodon, 

With  vertebrae,  subconvex  anteriorly  in  the  neck,  but 
along  the  rest  of  the  trunk  subconcave  at  both  articular 
extremities  ;  having,  in  the  dorsal  region,  lofty  and  expanded 
neural  arches,  and  doubly  articulated  ribs,  and  characterized 
in  the  sacral  region  by  their  unusual  number  and  complica- 
tion of  structure;  with  a  Lacertian  pectoral  arch,  and 
unusually  large  bones  of  the  hind  limbs,  excavated  by  large 
medullary  cavities,  and  adapted  for  teiTCstrial  progression ;— 
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tbe  IguMiwdon  was  distinguished  by  teeth,  resembling  in 
shape  those  of  the  Iguana,  but  more  so  those  of  Scelidosaurus, 
yet  in  structure  differing  from  the  teeth  of  that  and  every 
other  known  reptile,  and  unequivocally  indicating  the  former 
existeuce  in  the  Dinosaurian  order  of  a  gigantic  representative 
of  the  small  group  of  living  lizards  which  subsist  on  vegetable 


The  important  difference  which  the  fossil  teeth  presented 
in  the  form  of  their  grinding  surface  was  pointed  out  by 
Cuvier,*  of  whose  description  Dr.  Mantell  adopted  a  con- 
densed view  in  hia  Illustrations  of  the  Geology  of  Sussex, 
4to,  1827,  p.  72.     Tlie  combination  of  this  dental  distinction 
with  the  vertebral  and  costal  characters,  which  prove  the 
Iffiuinodon  not  to  have  belonged  to  the  same  group  of  Saurians 
as  that  which  includes  the  Iguana  and  other  modem  lizards, 
rendered    it  highly 
desirable    to    ascer- 
tain by  the  improved 
modes  of  investigat- 
ing dental  structure, 
the  actual  amount  of 

i  correspondence  be- 
tween the  Iffuanodon 
and  Iguana  in  this 
respect  This  has 
been    done    in    the 

„.     „„  author's  general  de- 

Fig.  100.  ° 

Front  »nd  side  viewa  of  »  tooth  of  the  lower  j.w     SCriptiOD  of  the  teeth 

ofthelguModoD,  nat.  sUb.  of    KptUes.t     from 

which  the  following  notice  is  abridged : — The  teeth  of  the 

Jguanodon  (fig.  100),  though  resembling  most  closely  those  of' 

the  Iguana,  do  not  present  an  exact  magniiied  image  of  them, 

"  OagemenB  Foiuiles,  1824,  «ol.  v.,  pt.  ii.,  p.  351. 
\  OJuDlogmphy,  pt.  ii.,  p.  249;  Tranaactiona  of  the  Britiah  Asaocialion,  1838. 
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but  differ  iii  the  greater  i-elative  thickness  of  the  crowii,  its 
more  complicated  external  surface,  and,  still  more  essentially, 
in  a  modification  of  the  internal  structure,  by  which  the 
Iffoanodon  equally  deviates  from  every  other  known  reptile. 

As  in  the  Iguana,  the  base  of  the  tooth  ia  elongated  and 
contracted ;  the  crown  expanded  and  marginally  notched  ; 
when  first  formed  it  is  acuminated,  compressed,  its  sloping 
aides  serrated,  and  one  surface,  external  in  the  upper  jaw, 
internal  in  the  lower  jaw,  is  traversed  by  a  median  longi- 
tudinal ridge,  and  coated  by  a  layer  of  enamel ;  but  beyond 
this   point  the  description   of  the  tooth   of  the  ItpuiTwdmi 
indicates   characters  peculiar   to   that   genus.     The  median 
ridge  is  most  produced  in  the  teeth  of  the  upper  jaw,  and 
on  each  side  of  it,  in  both  upper  and  lowtr  t«eth,  are 
one  or  two  lower   ridges ;   these   are   separated  from   each 
other  and  from  the  serrated  margins  of  the  crown  by  wide 
and  smooth  longitudinal  grooves.     The  marginal  serrations 
which,  at  first  sight,  appear  to  be  simple  notches, 
as  in  the  Iguana,  present  under  a  low  magnify- 
ing power  (fig.   101),  the   form   of  transverse 
ridges,  themselves  notched,  so  as  to  resemble 
the  mammilated  maigins  of  the  unworn  plates 
of  the   elephant's   grinder.     The   base   of  the       ^\„  jqi. 
crown  soon  contracts  to  a  round,  bent,  smooth  M»rginal  riJgeii 
fang.    These  did  not  merely  adhere  to  the  inner     "" the  iguano- 
side  of  the  alveolar  parapet,  as  in  the  Iguana,     *""■  ""8"' 
but  were   placed   in   separate   alveoli ;   such  support  being 
indispensable  to  teeth  so  used  and  worn  by  mastication  as 
those  of  the  Iffuanodon. 

The  apex  of  the  tooth  soon  b^ns  to  be  worn  away,  and 
it  would  appear,  by  many  specimens,  that  the  teeth  were  re- 
tained until  nearly  the  whole  of  the  crown  had  yielded  to 
the  daily  abrasion.  In  these  teeth,  however,  the  deep  excava- 
tion of  the  remaiiiing  fang  plainly  bespeaks  the  progress  of 
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tlie  succossioDal  tooth  prepared  to  supjily  tlie  place  of  the 
worn-out  grinder.  At  the  earlier  stages  of  abrasion  a  sharp 
edge  is  maintained  at  the  ridged  part  of  the  tooth  by  means 
of  the  enamel  which  covers  that  surface  of  the  crown ;  the 
prominent  ridges  upon  that  surface  give  a  sinuous  contour  to 
the  middle  of  the  cutting  edge,  whOst  its  sides  are  jagged  by 
the  lateral  serrations. 

Wlien  the  crown  is  worn  away  beyond  the  enamel,  it  pre- 
sents a  broad  and  nearly  horizontal  grinding  surface  (fig.  102), 
and  now  another  dental  substance  is  brought  into  use,  to  give 
an  inequality  to  that  surface  ;  this  is  the  ossified  remnant  of 
the  pulp,  which,  being  firmer  than  the  surrounding  dentine, 
forms  a  slight  transverse  ridge  in  the  middle  of  the  grinding 
surface ;  the  tooth  in  this  stf^e  has  exchanged 
•   the  functions  of  an  incisor  for  that  of  a  molar, 
I    and  is  prepared  to  give  the  final  compression,  or 
comminution,  to  the  coarsely  divided  vegetable 
matters.    The  marginal  edge  of  the  incisive  con- 
Fig.  102.      dition  of  the  tooth  and  the  median  ridge  of  the 
A  worn  tooth  of  molar  stage  are  more  effectually  established  by 
e  gTisn  on.  the  introduction  of  8  modification  into  the  texture 
of  the  dentine,  by  which  it  is  rendered  softer  than  in  the  ex- 
isting Igiianie  and  other  reptiles,  and  more  easily  worn  away. 
This  is  effected  ty  an  arrest  of  the  calcifying  process  along 
certain  cylindrical  tracts   of  the  pulp,  which  is  thus  con- 
tinued, in  the  form  of  medullary  canals,  analogous  to  those  in 
the  soft  dentine  of  the  Megatherium's  grinder,  from  the  central 
cavity,  at  pretty  regiJar  intervals,  parallel  with  the  dentinal 
tubes,  nearly  to  the  surface  of  the  tooth.     Tlie  medullary  canals 
radiate  from  the  internal  (upper  jaw)  or  external  (lower  jaw) 
sides  of  the  pulp-cavity,  and  are  confined  to  the  dentine  form- 
ing the  corresponding  walls  of  the  tooth.     This  modification 
must  contribute  in  producing  that  inequality  of  texture  and 
of  density  which  the  broad  and  thick  tooth  of  the  Iguanodon 
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required  as  a  triturating  instrument  The  enamel  covers 
only  the  harder  dentine,  forming  the  ridged  side  of  the 
tooth.  The  adaptation  of  this  admirable  dental  instrument 
to  the  cropping  and  comminution  of  such  tough  v^etable 
food  as  the  ClathraruB  and  similar  plants,  which  are  found 
buried  with  the  Igtuinodon,  is  pointed  out  by  Dr.  Buckland, 
with  his  usual  felicity  of  illustration,  in  his  Bridgewater 
Treatise,  voL  L,  p.  246. 

But  the  microscopical  examination  of  the  structure  of  the 
Iguanodon's  teeth  has  contributed  additional  evidence  of  the 
perfection  of  their  adaptation  to  the  ofiEices  to  which  their 
more  obvious  characters  had  indicated  them  to  have  been 
destined. 

To  preserve  a  trenchant  edge,  a  partial  coating  of  enamel 
is  applied ;  and,  that  the  thick  body  of  the  tooth  might  be 
worn  away  in  a  more  regularly  oblique  plane,  the  dentine  is 
rendered  softer  as  it  recedes  from  the  enamelled  edge,  by  the 
simple  contrivance  of  arresting  the  calcifying  process  along 
certain  tracts  of  the  opposite  wall  of  the  tooth.  When  attri- 
tion has  at  length  exhausted  the  enamel,  and  the  tooth  is 
limited  to  its  function  as  a  grinder,  a  third  substance  has  been 
prepared  in  the  ossified  renmant  of  the  pulp  to  add  to  the 
efficiency  of  the  dental  instrument  in  its  final  capacity.  And 
if  the  following  reflections  were  natural  and  just,  after  a  re- 
view of  the  external  characters  of  the  dental  organs  of  the 
Iguanodo%  their  truth  and  beauty  become  still  more  manifest 
as  our  knowledge  of  their  subject  becomes  more  particular 
and  exact : — 

"  In  this  curious  piece  of  animal  mechanism  we  find  a 
varied  adjustment  of  all  parts  and  proportions  of  the  tooth  to 
the  exercise  of  peculiar  functions,  attended  by  compensations 
adapted  to  shifting  conditions  of  the  instrument  during  dif- 
ferent stages  of  its  consumption.  And  we  must  estimate  the 
works  of  nature  by  a  different  standard  from  that  which  we 
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apply  to  the  productions  of  human  art,  if  we  can  view  such 
examples  of  mechanical  contrivance,  united  with  so  much 
economy  of  expenditure,  and  with  such  anticipated  adapta- 
tions to  varying  conditions  in  their  application,  without  feel- 
ing a  profound  conviction  that  all  this  adjustment  has  resulted 
from  design  and  high  intelligence," 

Besides  the  various  localities  of  the  Wealden  strata  in 
England  and  Germany,  remains  of  the  Igtumodon  have  been 
found  in  the  Upper  Greensand  near  Cambridge  and  near 
Maidstone. 

All  trace  of  dinosaurian  reptiles  disappears  in  the  cre- 
taceous series. 

Order  IX. — Crocodilia. 

Char. — Teeth  in  a  single  row,  implanted  in  distinct  sockets  ; 
external  nostril  single  and  terminal  or  sub-terminaL 
Anterior  trunk  vertebrae  with  pai^  and  di-apophyses, 
and  bifurcate  ribs ;  sacral  vertebrae  two,  each  supporting 
its  own  neural  arch  :  this  arch  usually  articulated  by 
suture.     Skin  protected  by  bony,  usually  pitted,  plates. 

The  extinct  reptiles  of  this  order  have  given  evidence  of 
its  nature  and  extent,  of  which  the  few  surviving  forms 
afforded  no  suspicion.  No  less  than  three  well-marked  modi- 
fications of  the  vertebral  joints  of  the  back-bone  have  been 
recognized  in  the  great  series  of  Crocodilian  reptiles,  now 
embraced  in  a  view  which  goes  back  to  the  beginning  of  the 
mezozoic  period. 

In  one  family  both  articular  surfaces,  a  and  5,  of  the  cen- 
trum or  vertebral  body  are  concave,  as  indicated  by  the  dotted 
lines  in  fig.  103,  i ;  and  the  term  '  amphicoelia,'  meaning 
cupped  at  both  ends,*  expresses  this  character.  In  a  second 
family  the  front  surface  (ib.  i,  a)  is  convex,  the  hind  one,  &, 
concave :  this  modification  is  expressed  by  the  term  *  opistho- 

*  Ampld^  both ;  hoilos,  hollow ;  the  vertebra  being  hollowed  at  both  ends. 
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ccelia,'  cupped  behind.*  In  a  third  family  the  front  surface 
(ib.  3,  a)  is  concave,  the  hind  one  convex ;  this  character  is 
expressed  by  the  term  'procoelia,'  cupped  in  fixmt-t     All 
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Fig.  103. 
I.  TeleoMUiras  breviroBtris,  Oir. ;   Upper  Liat,  Whitby. 
*.  StreptoipondjiDH  Cuvieri,  V.  H. ;  Upper  OoHit,  HooSear. 

].  Oocodilni  toliapiciu,  Cur.;  Eoeena,  Sheppj. 

4.  DolichosanruB  loDgicollia,  Ow.;  Chaik,  Sasaei. 

5.  Palsophis  toliapicna,  Ow. ;  Eoeene,  Sbeppy. 

6.  Laophii  CroUloidea,  Ow. ;  SVrttan,  Balonica. 

existing  and  tertiary  crocodilians  are  proccelian.  The  zyga- 
pophysis,  z,  by  the  upward  or  inward  aspect  of  its  articular 
surface,  marks  the  foie  part  of  the  vertebra. 

Sub-Ord»r  1. — Amphicotlia. 

Crocodilos  closely  resembling  in  general  form  the  long 
and  slender-jawed  kind  of  the  Ganges  called  "gavial"  or 
"  ghorrial,"  existed  from  the  time  of  the  deposition  of  the 
lower  lias. 

Their  teeth  were  similarly  long  slender,  and  ehar^^  adapted 

■  Opiitho4,  b«tiiDd ;  koilot,  hollow ;  vortabra  eoncaTe  behind,  eoanx  or  flat 

t  JVoi,  front ;  toUo*,  boUow ;  vertebra  with  the  cup  at  the  fore  part  and  ibe 
baU  behind. 
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for  the  prehension  of  fishes  ;  and  their  skeleton  was  modified 
for  more  efl&cient  progress  in  water  by  the  vertebral  surfaces 
being  slightly  concave,  by  the  hind  limbs  being  relatively 
larger  and  stronger,  and  by  the  orbits  forming  no  prominent 
obstruction  to  progress  through  water.  From  the  nature  of 
the  deposits  containing  the  remains  of  the  so-modified  cro- 
codiles, they  were  marine.  The  fossil  crocodile  from  the 
Whitby  lias,  described  and  figured  in  the  Philosophical  Trans- 
actions, 1758,  p.  688,  is  the  type  of  these  amphicoelian  species. 
They  have  been  grouped  under  many  generic  heads: — e.g^ 
Teleosaurus,  Sten-eosauruSy  Mystriosaurus,  DakosaurvSy  Macro- 
spondyliLSy  Massospondylus^  Pcecilopleuroriy  PelagosauruSy  jEolo- 
douy  SuchosauruSy  OoniopholiSy  etc.,  and  they  range  from  the 
lias  to  the  chalk  inclusive. 

Suchosaurus  of  the  Wealden  is  characterized  by  the  com- 
pressed crown  and  trenchant  margins  of  the  teeth;  Oonio- 
pholis,  of  the  Purbeck  beds,  by  some  of  the  dermal  scales 
having  the  same  peg-and-pit  interlocking  as  in  the  scales  of 
the  ganoid  fish  in  fig.  71. 

Sub-Order  2. — Opisthocoslia. 

The  small  group  of  Crocodilia  so  called  is  an  artificial  one, 
based  upon  more  or  less  of  the  anterior  trunk  vertebrae  being 
united  by  ball-and-socket  joints,  but  having  the  ball  in  front, 
instead  of,  as  in  modem  crocodiles,  behind.  Cuvier  first 
pointed  out  this  peculiarity*  in  a  Crocodilian  from  the  Ox- 
fordian  beds  at  Honfleur,  and  the  Kimmeridgian  at  Havre. 
The  writer  has  described  similar  opisthoccelian  vertebrae  from 
the  great  oolite  at  Chipping  Norton,  from  the  upi)er  lias  of 
Whitby,  and,  but  of  much  larger  size,  from  the  Wealden  for- 
mations of  Sussex  and  the  Isle  of  Wight  These  specimens 
probably  belong  to  the  fore  part  of  the  same  vertebral  column 
as  the  middle  dorsal  vertebrae,  flat  at  the  fore  part,  and 

*  Annates  du  Mas^unii  torn,  zii.,  p.  83,  pis.  x.,  zi. 
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slightly  hollow  behind,  on  which  ia  founded  the  genus 
Cetiosauiiis,*  The  smaller  opisthocoelian  vertebrae  described 
by  Cuvier  have  been  referred  by  Von  Meyer  to  a  genus  called 
Streptoepovdylvs. 

In  one  species  from  the  Wealden,  dorsal  vertebrae  measuring 
8  inches  across  are  only  4  inches  in  length,  and  caudal  verte- 
brae nearly  7  inches  across  are  less  than  four  inches  in  length. 
These  characterize  the  species  called  Cetiosavrus  brevis.  t 

Caudal  vertebrae  measuring  7  inches  across  and  5^  inches 
in  length,  from  the  lower  oolite  at  Chipping  Norton,  and  the 
great  oolite  atEnstone,  represent  the  species  called  Cetiosaurus 
medius. 

Caudal  vertebrae  from  the  Portland  stone  at  Garsington, 
Oxfordshire,  measuring  7  inches  9  lines  across  and  7  inches  in 
length,  are  referred  to  the  Ceiiosav/rus  longvs.  The  latter  must 
have  been  the  most  gigantic  and  whale-lDce  of  Crocodilians. 

Dentition  of  Crocodiles. — ^The  teeth  of  both  the  existing 
and  extinct  crocodilian  reptiles  consist  of  a  body  of  compact 
dentine,  forming  a  crown  covered  by  a  coat  of  enamel,  and  a 
root  invested  by  a  moderately  thick  layer  of  cement  The 
root  slightly  enlarges  or  maintains  the  same  breadth  to  its 
base  (fig.  106,  a),  which  is  deeply  excavated  by  a  conical  pidp- 
cavity  extending  into  the  crown,  and  is  commonly  either  per- 
forated or  notched  at  its  concave  or  inner  side. 

The  tooth-germ  c  (figs.  104  and  105)  is  developed  from 
the  membrane  covering  the  angle  between  the  floor  and  the 
inner  wall  of  the  socket  The  matrix  of  the  young  growing 
tooth  affects,  by  its  pressure,  the  inner  wall  of  the  socket, 
and  forms  for  itself  a  shallow  recess ;  at  the  same  time  it 
attacks  the  side  of  the  base  of  the  contained  tooth ;  then,  gain- 
ing a  more  extensive  attachment  by  its  basis  and  increased 

*  "  Report  on  British  Fossi]  Reptilef/'  Trans.  Brit.  Assoc,  for  1841,  p.  96. 

f  They  have  since  been  referred  to  the  dinoaaurian  order  under  the  name  of 
Peloroiourui,  but  without  any  evidence  of  the  true  sacral  characters  of  that 
order ;  the  cavities  of  long  bones  are  common  to  Crocodilians  and  Dinosaurs. 
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size,  it  penetrates  the  lai'ge  pulp-cavity  of  the  previoudy 
formed  tooth  either  by  a  circular  or  semicircular  perforation. 
The  size  of  the  perforation  in  the  tooth,  and  of  the  depression 
in  the  jaw,  proves  them  to  have  been  in  great  part  caused  by 
the  soft  matrix,  which  must  have  produced  its  effect  by  exciting 
absorbent  action,  and  not  by  mere  mechanical  force.  The 
resistance  of  the  wall  of  the  pulp-cavity  ha\-ing  been  thus 
overcome,  the  growing  tooth  and  its  matrix  recede  from  the 
temporary  alveolar  depression,  and  sink  into  the  substance 
I  of  the  pulp  contained  in  the 

cavity  of  the  fully-formed  tootli. 
Ab  the  new  tooth  grows, 
the  pulp  of  the  old  one  is  re- 
moved ;  the  old  tooth  itself  is 
next  attacked,  and  the  crown, 
being  undermined  by  the  ab- 
sorption of  the  inner  surface  of 
its  base,  may  be  broken  ofif  by 
a  slight  external  force,  when 
the  point  of  the  new  tooth  is 
exposed.  The  new  tooth  dis- 
Kg.  104.  embarrasses  itself  of  the  cylin- 

Seciion  of  jaw  with  teeth  of  the       drical  base  of  its  predecessor 

Alligator.  ^gg    jQ^,^   ^^  ^jtjj   ^iji(.i,   It  ja 

sheathed,  by  maintaining  the  excitement  of  the  absorbent 
process  so  long  as  the  cement  of  the  old  fang  retains  any  vital 
connection  with  the  periosteum  of  the  socket ;  but  the  frail 
remains  of  the  old  cylinder,  thus  reduced,  are  sometimes  lifted 
out  of  the  socket  upon  the  crown  of  the  new  tooth  (as  in  fig. 
10*,  a),  when  they  are  speedily  removed  by  the  action  of  the 
jaws.  No  sooner  has  the  young  tooth  (fig.  105,  ft)  penetrated  the 
interior  of  the  old  one  (fig.  1 05,  a)  than  another  germ  c,  begins 
to  be  developed  in  the  same  relative  position  as  that  in  which 
its  predecessor  began  to  rise,  and  the  processes  of  succession 
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and  displacement  are  carried  on  uninterruptedly  throughout 
the  long  life  of  these  cold-blooded  carnivorous  reptiles. 

From  the  period  of  exclusion  from  the  egg,  the  teeth  of 
the  crocodile  succeed  each  other  in  the  vertical  direction ;  none 
are  added  from  behind  forwards  like  the  true  molars  in  Mam- 
malia. It  follows,  therefore,  that  the  number  of  the  teeth  of 
the  crocodile  is  as  great  when  it  first  sees  the  light  as  when  it 
has  acquired  its  full  size ;  and,  owing  to  the  rapidity  of  their 
succession,  the  cavity  at  the  base  of  the  fuUy-formed  tooth  is 
never  consolidated. 

In  most  of  the  extinct  species  of  Crocodilians  the  teeth  are 
characterized  by  more  numerous  and  strongly  developed  longi- 
tudinal ridges  upon  the  enamelled  crown,  than  in  the  recent 
species ;  and  they  are  commonly  longer,  more  slender,  and 
sharp-pointed.  But  in  one  of  the  crocodiles  with  sub-biconcave 
vertebrae  (Ooniopholis  crccssidens),  from  the  Wealden  formation 
and  Purbeck  limestone,  the  teeth  have  crowns  which  are  as 
round  and  as  thick  in  proportion  to  their  length  as  in  the 
recent  crocodiles  or  alligatoi*s. 

The  more  ancient  crocodiles,  from  the  Oolite  and  Lias> 
called  Steneasauri  and  Teleosauri,  had  jaws  like  those  of  the 
modem  gavials,  but  sometimes  longer  and  more  attenuated,  and 
armed  with  more  numerous,  equal,  and  slender  teeth,  adapted 
for  the  capture  of  fishes,  which  appear  to  have  been  the  only 
other  vertebrate  animals  existing  at  those  periods  in  numbers 
sufficient  to  yield  subsistence  to  carnivorous  marine  Saurians. 

In  all  the  Tdeomuri  the  teeth  are  more  slender,  less  com- 
pressed, and  sharper  pointed  than  in  the  gavial ;  they  are 
slightly  recurved,  and  the  enamelled  crown  is  traversed  by 
more  numerous  and  better  defined  ridges — ^two  of  which,  on 
opposite  sides  of  the  crown,  are  larger  and  more  elevated  than 
the  rest  The  fang  is  smooth  and  cyUndricaL  The  teeth  of 
the  Steneosauri,  or  extinct  crocodiles  with  long  and  slender 
jaws  but  with  subterminal  nostrils,  differ  from  those  of  the 
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Teleosauri  in  being  somewhat  thicker  in  proportion  to  their 
length,  and  larger  in  proportion  to  the  jaws. 

The  fossil  jaws  of  the  extinct  Crocodilians  demonstrate 
that  the  same  law  regulated  the  succession  of  the  teeth  at  the 
ancient  epochs  when  those  highly-organised  reptiles  prevailed 
in  greatest  numbers,  and  under  the  most  varied  generic  and 
specific  modifications,  as  at  the  present  period,  when  they  are 
reduced  to  a  single  family  composed  of  so  few  and  slightly 
varied  species  as  to  have  constituted  in  the  system  of  Linnaeus 
a  small  fraction  of  the  genus  Lacerta, 

The  large,  thick,  externally  ridged  or  pitted  scutes,  though 
common  to  the  Crocodilian  order,  are  not  peculiar  to  them. 
The  labyrinthodont  Rhombopholis*  and  the  thecodont  StctgofUh 
lepis,  have  left  similar  petrified  scutes. 

Sub-Order  3. — Proccelia. 

All  existing  Crocodilians  are  procoelian.  The  best  and 
most  readily  recognizable  characters  by  which  they  are 
grouped  in  appropriate  genera  are  derived  from  modifications 
of  the  dental  system. 

In  the  caimans  (genus  Alligator)  the  teeth  vary  in  number 
from  [^g  to  ^^ ;  the  fourth  tooth  of  the  lower  jaw^  or  canine, 
is  received  into  a  cavity  of  the  palatal  surface  of  the  upper  jaw, 
where  it  is  concealed  when  the  mouth  is  shut ;  in  old  indi- 
viduals the  upper  jaw  is  perforated  by  these  large  inferior 
canines,  and  the  fossse  are  converted  into  foramina. 

In  the  true  crocodiles  (genus  CrocodUus)  the  first  tooth  in 
the  lower  jaw  perforates  the  palatal  process  of  the  intermaxil- 
lary bone  when  the  mouth  is  closed  ;  the  fourth  tooth  in  the 
lower  jaw  is  received  into  a  notch  excavated  in  the  side  of  the 
alveolar  border  of  the  upper  jaw,  and  is  visible  externally 
when  the  mouth  is  closed. 

*  "  LabifritUhodan  $€uiulatv$"  Trans.  Geo!.  Soc.,  2d  series,  vol.  vi.,  p.  538, 
pi.  46. 
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I  the  two  preceding  genera  the  alveolar  borders  of  the 

have  an  uneven  or  wavy  contour,  and  the  t«etli  are  of 

lal  size. 

I  the  gaviaU  ^nus  Gavialia)  the  teeth  are  nearly  equal 

£  and  similar  in  form  in  both  jaw%  and  the  first  as  well 

e  fourth  tooth  in  the  lower  jaw  passes 

a  groove  in  the   margin   of  the  apper 

"/  '  '  "^  ivhen  the  month  is  closed.     The  number 
;th  is  always  greater  in  the  gavials  than 
e  crocodiles  or  alligators.    The  first  five 
of  teeth  above  are  supported  by  the  pre- 
Uary  bones  ;  the  first,  second,  and  fourth 
e  lower  jaw  are  the  longest.     The  eight 
ne  posterior  teeth  are  nearly  conical,  the 
are  sub-compressed,  antero-posteriorly, 
iresent  a  trenchant  edge  on  the  right  and 
side,  between  which  a  few  faint  longitu- 
ridges  traverse  the  basal  part  of  the  en- 
led  crown  (fig.  105).     The  position  of  the 
iite  sharp  ridges,  and  the  direction  of  the 
ides  of  the  crown,  are  at  right  angles  to        Fig.  i06. 
bove,  in  the  extinct  amphicnelian  gavialTeethoftheGavial. 
A)saurua  cvUridens),  which  in  other  respects  most  nearly 
ibles  the  gangetic  gavial  in  the  form  of  the  teeth. 
Jrocodilians  with  cup-and-ball  vertebrse,  like  those  of 
i  species,  first  make  their  appeaitince  in  the  greensand  of 
h  America  {CTocodilus  basijisaus  and  C.  baaitnincatits).    In 
pe  their  remains  are  first  found  in  the  tertiary  strata, 
e  ttom  the  plastic  clay  of  Meudon  have  been  referred  to  C. 

■^J  ^  /  jynchus,  C.  ctelorkynchus,  C.  Becquereli :  those  from  the  cal- 
grossier  of  Argenton  and  Castelnaudry  to  the  C.  Railinat 
?.  Dodunii.  In  the  coeval  eocene  London  clay  at  Sheppy, 
intire  skull  and  characteristic  parts  of  the  skeleton  of  C 
picua  and  C.  Cliampsoides  occur.     In  the  somewhat  later 
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eocene  deposits  at  Bracklesham  occur  the  remains  of  the 
gavial-like  C.  Dixoni.  In  the  Hordle  beds  have  been  found 
the  C  HastingsuBy  with  short  and  broad  jaws  ;  and  also  a  true 
alligator  (C  HarUoniensis),  It  is  remarkable  that  forms  of 
procoelian  Crocodilia,  now  geographically  restricted — ^the  gavial 
to  Asia,  the  alligator  to  America,  and  the  true  crocodiles  to 
warm  latitudes  of  Asia,  Africa,  and  America — should  have 
been  associated  together,  and  represented  by  species  which 
lived,  during  nearly  the  same  geological  period,  in  rivers 
flowing  over  what  now  forms  the  south  coast  of  England. 

Many  species  of  procoelian  Crocodilia  have  been  founded 
on  fossils  from  miocene  and  pliocene  tertiaries.  One  of  these, 
of  the  gavial  sub-genus  (C  cras8ideiis\  from  the  Sewalik 
tertiary,  was  of  gigantic  dimensions. 

Order  X. — Lacertilia. 
{Lizards,  Monitors,  IguoTux.) 

Char, — ^Vertebne  procoelian,  with  a  single  transverse  process 
on  each  side,  and  with  single-headed  ribs ;  sacral  verte- 
brae not  exceeding  two  :  two  external  nostrils ;  a  foramen 
parietale  in  most. 

To  the  present  order  are  provisionally  referred,  through 
their  close  analogy  in  dentition  and  in  general  size  to  modern 
lizards,  the  following  genera  and  species  founded  on  fossils, 
chiefly  jaws  and  teeth,  from  the  Purbeck  beds.  No  perfect 
vertebra  has  yet  reached  me  shewng  the  procoelian  structure, 
and  so  related  to  these  fossils  as  to  indicate  organic  associa- 
tion. Should  such  discovery  be  made,  true  Lacertians  would 
date  from  the  upper  oolitic  period. 

In  the  Nuthetes  destructor^*  Ow.,  the  teeth  are  attached  by 

*  Abbreviated  from  nouthetetes,  Monitor;  in  reference  to  the  resemblance  of 
the  teeth  of  the  fossil  to  those  of  the  modem  Varanian  Monitors.  See  Quarterly 
Jonmal  of  the  Geological  Society,  1854,  p.  120. 
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partial  anchylosis  to  depressions  on  the  inner  side  of  an 
alveolar  wall,  or  according  to  the  "  pleurodont  type."  Their 
enamelled  crowns  are  moderately  long,  compressed,  pointed, 
slightly  recurved,  with  a  well-marked  but  finely  serrated 
margin  before  and  behind ;  the  thickest  part  of  the  crown  is 
not  at  the  middle,  but  nearer  the  anterior  border,  as  in  the 
great  Varanus  {Var,  crocodilinus)  and  in  Megalosaurus ;  and 
they  resemble,  in  miniature,  the  teeth  of  that  great  carnivo- 
rous reptile.  To  the  question  whether  these  Purbeck  fossils 
might  not  be  of  a  foetus  or  young  of  the  Megalosaurus,  the 
answer  is,  that  the  lower  jaw  of  the  Nuthetes  differs  from  that 
of  the  Megalosaurus  in  not  having  the  inner  alveolar  wall 
produced  in  a  greater  degree  than  in  the  modem  Varaniy  and 
in  not  exhibiting  any  rudiments  of  alveolar  divisions.  The 
largest  teeth  measure  two  lines  in  diameter  at  the  base  of  the 
crown,  the  length  of  the  largest  fragment  of  the  mandible  was 
one  inch  and  a  half;  the  depth  of  the  outer  wall  was  six 
lines,  that  of  the  inner  wall  was  from  three  to  four  lines. 

The  fossils  give  evidence  of  a  carnivorous  or  insectivorous 
lizard  of  the  size  of  the  Varanus  crocodilinus,  or  great  land 
monitor  of  India.  The  specific  name  relates  to  the  adapta- 
tions of  the  teeth  for  piercing,  cutting,  and  lacerating  the  prey. 

A  smaller  kind  of  lizard,  from  the  same  formation  {Sau- 
rillus  obtusmy*  Ow.),  is  chiefly  represented  by  the  right  dentary 
element  of  the  lower  jaw  containing  thirteen  teeth.  These 
are  moderately  long,  conical,  and  obtuse  ;  and  are  neither  so 
long  nor  so  recurved  as  in  Nuthetes,  On  the  outer  side  of  the 
dentary  bone,  not  far  below  the  alveolar  border,  are  six  nervo- 
vascular  foramina  in  a  longitudinal  row,  relatively  as  numerous 
and  large  as  in  the  Iguanodon,  and  indicating,  as  in  that  and 
other  Saurian  reptiles,  the  scaly  covering  of  the  jaws  and  the 
equally  reptilian  simple  and  subdivided  condition  of  the  sali- 

•  Abbreviation  of  tawnu,  a  lizard.     Quarterly  Journal  of  the  Geological 
Society,  No.  40,  pp.  423  and  482. 
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vary  apparatus  in  Saurillus,  Tlie  teeth  are  implanted  accord- 
ing to  the  pleurodont  type.  Supposing  the  fossil  to  have  come 
from  a  mature  individual,  the  size  of  the  animal  must  have 
been  nearly  that  of  the  common  European  lizard,  Lacerta 
agUis.  It  was  most  probably  insectivorous.  The  specific 
name, "  obtustcs^  refers  to  the  obtuse  termination  of  the  muzzle, 
as  indicated  by  the  form  of  the  fore  part  of  the  jaw,  and  also 
to  the  blunt  apices  of  the  conical  teeth. 

In  the  slab  of  Purbeck  fresh-water  stone  containing  the 
portions  of  upper  and  lower  jaw,  with  teeth,  on  which  the 
genus  Macdlodon*  is  founded,  were  also  specimens  of  small, 
pitted,  dermal  scutes,  and  of  a  vertebral  neural  arch,  corres- 
ponding proportionally  in  size  with  the  teeth. 

One  specimen  consists  of  the  right  superior  maxillary 
bone,  containing  eight  nearly  entire  teeth,  and  shewing  the 
places  of  attachment  of  thirteen  or  fourteen  such  teeth,  the 
mode  of  attachment  being  by  partial  anchylosis  to  the  bottom 
of  an  alveolar  groove  and  to  the  side  of  an  outer  alveolar  walL 
Fig.  106,  a,  shews  the  dentary  element  of  the  lower  jaw,  con- 
taining thirteen  teeth,  and  alveolar  depressions  for  twenty ; 

the  bone,  which  is  nine  lines  long,  pre- 
,  sents  the  posterior  notch  for  articula- 
tion with  the  angular  and  surangular 
elements  ;  its  outer  surface  is  convex, 
and  perforated  at  its  interior  half  by 
a  linear  series  of  nervo-vascular  canals. 
FJg- 1^6-  The  crown  of  the  teeth  is  broad. 

Jaw  and  teeth  of  ATflceZ^an.  compressed,   with    sharp    subcrenate 

magn.  (Purbeck  beds).  .  •     i   t_   ii» 

margms  at  the  apical  half,  curving  in 
most  to  a  low  point  at  the  summit  The  older  teeth  have  the 
crown  reduced  by  attrition  to  the  shape  of  a  spade,  suggest- 
ing the  name  of  the  genus.    The  enamel  is  marked  by  very 

*  Makella,  a  Bpade;  odonSj  a  tooth.     Quarterly  Journal  of  the  Geological 
Society,  No.  40,  p.  422. 


fine  longitudinal  ridgea,  the  tenninations  of  which  give  tlie 
cienate  character  to  the  imwom  mai^ns  of  the  crown. 

In  a  portion  of  the  upper  maxillary  bone  of  Macdlodon 
Brodiei,  the  low  palatal  alveolar  plate  terminates  internally  in 
a  smooth  border,  which  had  formed  the  outer  boundary  of  an 
extended  palatal  vacuity,  as  in  most  lizards  ;  this  structure, 
with  the  unequal  development,  the  succession,  and  pleurodont 
mode  of  implantation  of  the  teeth,  indicates  the  Lacertian 
affinities  of  MaceUodon. 

The  remains  of  small,  lizard-like  reptiles,  with  teeth  more 
or  less  fitted  for  piercing,  cutting,  or 
crushing  the  chitinous  covering  of 
ArtvnUaia,  are  such  as  might  be  ex- 
pected in  the  marly  shell-beds  of  the  I 
Furbeck  series,  which  have  afforded 
such  abundant  evidence  of  insect 
life  ;*  and  with  them  are  associated, 
temaios  of  small,  insectivorous  mam-  . 

mals  (Spalaeotherium).    A  larger  Pur-  * 

beck  saurian,  with  teeth  adapted  to 
pierce  the  scales  of  ganoid  fishes, 
has  on  that  account  been  referred  to 
a  genus  called  Mckiiwdon.'t  It  re- 
semblsB  Macdlodon  in  the  general 
shape  of  the  teeth,  but  they  have  the 
thecodont  implantation.     The  crown  p.-    ,q^ 

presents,  however,  that  leaC  or  scale-  d.  Portioi.  of  jaw,  nat.  size,  and 
shaped  type,  of  which  the  teeth  of      *6eth,  b  and  e,  magn.  of 
PaitEOsaurus,Caniiodojt,Iiyla!osaurus, 
Scelidosaurua,  and  even  those  of  Iguanodon,  are  modifications. 

The  teeth  of  Eddnodon  are  distinguished  from  those  of 

•  See  thepapsrbjMr.  Weatvood,  in  Ibc  Quarterly  Journal  uftheticotogical 
Sociotj-p  1864,  p.  378. 

+  Echinot,  hedgehog;  ando^w,  loolh,  "pricklj  loolL." 


♦• 


310  PALiKONTOLOGY. 

Scelidosaunis  by  the  marginal  serrations  of  the  apical  half  of 
the  crown  progressively  increasing  in  size  from  the  apex  to 
the  base  of  that  angular  part  of  the  tooth,  the  two  basal  points 
resembling  spines,  and  terminating  respectively,  or  forming 
the  confluence  of,  the  two  thickened  ridges  bounding  the 
fore  and  hind  borders  of  the  betsal  half  of  the  crown.  From 
Macellodon  it  differs  in  the  swollen  borders  of  the  basal 
half  and  the  stronger  serration  of  the  apical  half  of  the 
cix)wn.  The  similarly  expanded  crown  of  the  tooth  of  Car^ 
diodon*  has  thicker,  and  apparently  not  serrate  margins,  it  is 
not  divided  into  a  basal  and  apical  portion,  and  the  apex 
is  more  obtuse.  In  Hylceosaurus  the  crown  is  thicker  and 
less  expanded  than  in  Echinodus;  the  borders  of  the  apical 
half  are  usually  abraded  by  masticatory  acts,  shew  no  mai*ks 
of  serration,  and  meet  at  an  angle  of  80® ;  but  the  crowns  of 
the  teeth  were  in  contact^  as  in  Echinodon.  The  more  com- 
plex structure  of  the  teeth  of  Iguanodon  appears,  nevertheless, 
to  be  due  to  additions  superposed  upon  a  type  of  tooth  which 
is  essentially  like  that  in  Scelidosaurus  and  Echinodon.  The 
expanded  crown  is  divided  into  a  basal  and  apical  portion ; 
the  marginal  serrations  of  the  latter  are  coextended  with  the 
increased  thickness  of  the  part  into  small  lamellae,  themselves 
more  minutely  dentate.  The  middle  longitudinal  rising  of  the 
enamel,  which  in  Echiiiodon  is  stronger  on  the  outer  side  of  the 
upper  teeth  and  on  the  inner  side  of  the  lower  teeth,  is  exclu- 
sively developed,  as  the  **  primary  ridge  **  on  the  corresponding 
aspects  of  the  teeth  of  the  upper  and  lower  jaws  in  Igwmod/m. 
In  the  teeth  of  the  young  Iguanodon^  the  primary  lidge  is 
median  and  well-marked,  and  in  the  unworn  tooth  forms  or 
terminates  at  the  apex  of  the  crown,  increasing  its  resem- 
blance to  the  Echinodont  type  of  tooth.  The  difference  of 
dental  structure  between  Echinodon  and  Iguarwdon  is  of  the 

*  From  the  Mid-Oolitic  formation,  called  "  Forest  Marble,"  near  Bradford, 
Wilts.     See  my  Odontography,  p.  291,  pi.  75a,  fig.  7. 
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adaptive  kind  ;  relating  in  the  former  to  animal  food,  in  the 
latter  to  a  mixed  or  vegetable  diet  The  entire  dentition  of 
Echinodan  appears  so  well  fitted  to  pierce  the  scaly  covering  of 
fish,  and  retain  the  struggling  prey,  that  I  suspect  the  species 
to  have  been  ichthyophagous,  and,  like  the  Aniblyrhynchus 
•of  the  Gallopagos  Islands,*  to  have  been  aquatic  in  its  habits. 

Small  vertebrae  of  true  lacertian  tjrpe  have  been  first  found 
in  the  Wealden  of  Sussex.  In  fig.  103,  4,  a  is  the  concave 
anterior,  and  b  the  convex  posterior  surface  of  the  centrum ; 
d  is  the  transverse  process  (diapophysis) ;  z  is  the  anterior,  and 
z'  the  posterior,  zygapophysis.  Such  vertebiiE  are  more  abun- 
dant, and  have  been  found  associated  with  other  characteristic 
parts  of  the  species,  in  the  cretaceous  strata.  On  such  evi- 
dence have  been  based  the  Raphiomurus  subididensy  the  Coni- 
osaurus  crassidensy  and  the  Dolichosaurus  longtcoUis.*  The 
last-named  species  is  remarkable  for  the  length  and  slender- 
^ess  of  its  trunk  and  neck,  indicative  of  a  tendency  to  the 
ophidian  form. 

But  the  most  remarkable  and  extreme  modification  of 
the  lacertian  type  in  the  cretaceous  period  is  that  manifested 
by  the  huge  species,  of  which  a  cranium  five  feet  long  was 
discovered  in  the  upper  chalk  of  St  Peter's  Mount,  near 
Maestricht^  in  1780.  The  vertebrse  are  gently  concave  in 
fronts  and  convex  behind ;  there  are  thirty-four  between  the 
head  and  the  base  of  the  tail ;  a  sacrum  seems  to  have 
been  wanting.  The  caudal  vertebrae  have  long  neural  and 
haemal  spines,  the  arches  of  both  of  which  coalesce  with  the 
centrum,  and  formed  the  basis  of  a  powerful  swimming  tail. 
The  teeth  are  anchylosed  to  eminences  along  the  alveolar 
border  of  the  jaw,  according  to  the  acrodont  type.  There  is  a 
row  of  small  teeth  on  each  pterygoid  bone.  For  this  genus  of 
huge  marine  lizard  the  name  of  Mosasaurus  has  been  proposed. 
Besides  the  if.  Hofmanni  of  Maestricht,  there  is  a  M.  Mem- 

*  Owen,  "History  of  British  Fossil  Reptilos,"  4lo,  pp.  173-lSd,  pis.  2,  8,  9. 
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miliani,  from  the  cretaceous  beds  of  North  America,  and  a 
smaller  species,  if.  (/racilis,  from  the  chalk  of  Sussex.*  The 
Leiodmi  anceps  of  the  Norfolk  chalk  was  a  nearly  allied  marine 
Lacertian."}" 

Many  small  terrestrial  Lacertians  have  left  their  remains 
in  European  tertiary  formations. 

Order  XI. — Ophidia. 
{SloiD -worms,  Serpents,) 

Char, — Vertebrae  very  numerous,  procoelian,  with  a  single 
transverse  process  on  each  side,  and  single-headed  hol- 
low ribs  ;  no  sacrum  ;  no  visible  limbs. 

The  order  Ophidia^  as  it  is  characterized  in  the  system  of 
Cuvier,  requires  to  be  divided  into  two  sections,  according  to 
the  nature  of  the  food,  and  the  consequent  modiiScation  of  the 
jaws  and  teeth.  Certain  species,  which  subsist  on  worms, 
insects,  and  other  small  invertebrate  animals,  have  the  tym- 
panic pedicle  of  the  lower  jaw  immediately  and  immovably 
articulated  to  the  walls  of  the  cranium.  The  lateral  branches 
of  the  lower  jaw  are  fixed  together  at  the  symphysis,  and  are 
opposed  by  the  usual  vertical  movement  to  a  similarly  com- 
plete maxillary  arch  above ;  these  belong  to  the  genera 
Amphisbcena  and  Anguis  of  Linnaeus,  the  latter  represented  by 
our  common  slow-worm.  The  rest  of  the  Ophidians,  including 
the  ordinary  serpents  and  constrictors,  which  form  the  typical 
members,  and  by  far  the  greatest  proportion,  of  the  order,  prey 
upon  living  animals  of  frequently  much  greater  diameter  than 
their  own  ;  and  the  maxillary  apparatus  is  conformably  and 
peculiarly  modified  to  permit  of  the  requisite  distension  of 
the  soft  parts  surroimding  the  mouth,  and  the  transmission  of 
their  prey  to  the  digestive  cavity.  All  the  ophidian  fossils 
hitherto  determined  belong  to  the  latter  typical  group. 

*  Op.  cit,,  p.  185,  pis.  1,  2,  9.  t  Op*  ci*-.  P*  195,  pi.  10. 
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The  earliest  evidence  of  an  ophidian  leptile  has  been  ob- 
tained from  the  eocene  clay  at  Sheppy ;  it  consists  of  vertebne 
indicating  a.  serpent  of  12  feet  in  length,  the  Palceophis  toliapir 
CVS  (fig.  103,  5,  half  nat  size).  Still  larger,  more  numerous,  and 
better  preserved  vertebrae  have  been  obtained  from  the  eocene 
beds  at  Bracklesham,  on  which  the  Palceophis  typhceus  and  P. 
poTCdtus  have  been  founded :  *  these  remains  indicate  a  boa- 
constrictor-like  snake,,  of  about  20  feet  in  length.  The  fossil 
vertebra  shew  the  deep  and  well-defined  anterior  cup,  a,  and 
posterior  ball  h ;  the  diapophysis  d  differs  firom  that  of  the  boa- 
constrictor  in  being  more  prominent  and  more  uniformly 
convex ;  the  hypapophysis  h  is  short, as  in  the  constrictors;  zs 
is  the  anterior,  and  2'  the  posterior  zygapophysis  ;  the  posterior 
border  of  the  neurapophysis  is  remarkable  for  the  angular 
process  n.  The  accessory  articular  surfaces  at  the  fore-part  of 
the  neural  arch  are  suppoited,  as  in  recent  ophidian  vertebrae, 
upon  the  process  «,  called  the  zygosphene.  Ophidian  vertebrae 
of  much  smaller  size,  from  the  newer  eocene  at  Hordwell, 
support  the  species  called  Paleryx  rhombi/er  and  P.  depre8sus.t 
Fossil  vertebrae  from  a  tertiary  formation  near  Salonica  have 
been  referred  to  a  serpent,  probably  poisonous,  under  the  name 
of  L(wphi8.l  One  of  these  vertebrae  (fig.  103,  5)  shews  the 
accessory  process  d  below  zs^  and  the  long  hypapophysis,  h> 
Poison-fangs  of  apparently  a  viper,  and  vertebrae  of  a  Colvher 
three  times  the  size  of  any  existing  European  species,  have 
been  discovered  in  the  miocene  deposits  at  Sansaus,  south  of 
France.  Three  fossil  Ophidians  from  the  CEningen  slate  have 
been  roferred  to  Colvher  arencUuSy  0.  Kargiiy  and  C.  Owenii. 

A  few  bones  of  serpents  have  been  found  in  superficial  sta- 
lagmite and  in  clefts  of  caves,  which,  perhaps,  are  within  the 
period  of  human  history.  But  what  is  of  chief  interest  to  us  is 
the  fact  of  the  existence  of  ophidian  reptiles  of  the  constricting, 

*  Op.  cit.,  pp.  139-149,  pis.  2  and  3.  f  Op.  cit.,  p.  149,  pi.  2,  figH.  29-32. 

}  Quarterly  Journal  of  the  Geological  Society,  vol.  ziii.,  p.  196,  pL  iv. 
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the  colubrine,  and  venomous  families,  at  early  tertiary  periods, 
before  any  of  the  existing  species  of  mammalia  had  appeared 
on  the  earth.  The  eocene  and  miocene  fossils  demonstrate, 
moreover,  the  same  adaptation  to  a  prone  posture  and  a  glid- 
ing movement  with  the  belly  in  the  dust,  as  at  the  present 
day ;  and  the  fossil  vertebrae  exhibit  the  same  peculiar  com- 
plexities which  so  exquisitely  adjust  the  vertebral  column  of 
the  serpent  to  do  the  work  of  hands,  feet,  and  fins  ; — to  out- 
climb  the  ape,  outswim  the  fish,  outleap  the  jerboa,  and 
outwrestle  the  tiger. 

Order  XII. — Chblonia. 
{Tortoises  and  Turtles.) 

Cliar, — Trunk-ribs  broad,  flat,  suturally  united,  forming,  with 
their  vertebrae,  the  sternum,  and  dermal  bones,  an  ex- 
panded thoracic-abdominal  case,  into  which  the  limbs, 
tail,  and,  usually,  the  head,  can  be  withdrawn.  No 
teeth  :  external  nostril  single. 

The  most  common  evidences  of  extinct  chelonians  are 
the  fossil  remains  of  the  above-defined  case,  usually  in  frag* 
ments  or  detached  portions ;  and,  as  this  natural  and  portable 
dwelling-chamber  offers  modifications  characteristic  of  the 
chief  divisions  of  the  order,  some  guide  to  the  knowledge  or 
study  of  its  composition  is  here  premised. 

In  the  marine  famiL'es  called  turtles  {Chel(me\  and  mud- 
turtles  {Tri(mi/x\  it  consists  of  a  floor  or  **  plastron"  (fig.  108,  b), 
and  a  roof  or  **  carapace"  (i6.  a).  Side-walls  are  added  in  the 
fresh-water  terrapenes  {Emys)^  and  land-tortoises  {Testudo). 
The  carapace  is  composed  of  a  series  of  medial  and  symmetrical 
pieces,  ck  to  |?y,  and  of  two  series  of  unsymmetrical  pieces  on 
each  side.  The  medial  pieces,  called  **  neural  plates,"  are 
dermal  bones,  of  which  those  marked  5  1  to  s  8  are  connate 
with  the  summits  of  the  spines  of  as  many  dorsal  vertebne, 
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the  others  are  free;  the  first,  ch,  is  termed  the  "nuchal,"  and 
the  last,  pff,  the  "  pygal "  plate.  The  contigwous  aide-plates, 
pll  topis  a3^  dermal  plates,  connate  with  the  eight  subjacent 
ribs,  whence  they  are   called  "  costal  plates."    External  to 


Fig.  108, 
A,  Carapace. 

Of  a  turtle.  C^ltnu  n 

these  are  the  "marginal  plates,"  ml  to  m  12,  which  are 
wholly  dermal  ossifications,  are  inconstant  in  number,  and 
are  wanting  in  mud-turtles. 

The  plastron  (fig.  lOS,  b)  consists  of  the  sternum  s,  and  of 
four  pairs  of  sternal  ribs,  with  some  or  all  of  which  dermal 
bones  of  diverse  forms  and  extent  are  connate.  These  com- 
posite plates  are  of  determinate  number  in  existing  Chelonia, 
and  have  received  special  names.  The  single  median  piece, 
s,  is  the  "  entostemal,"  the  foremost  of  the  parial  plates,  et, 
are  the  "  epistemals,"  the  next  hs  the  "  hyostemals,'  p»  marks 
the  "  hypostemals,"  and  as  the  "  xipbistemals,' 

Each  of  the  above  defined  elements  of  the  carapace  and 
plastron  may  shew  characters  indicative  of  the  nature  and 
affinities  of  the  clielonian  it  helped  to  house.    The  floor  and 
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roof  are  least  complete  in  the  marine  turtles  ;  the  ribs  extend 
beyond  the  costal  plates  leaving  unossified  intervals,  and  their 
ends  penetrate  cavities  in  some  of  the  marginal  plates,  like 
teeth  in  sockets  (fig.  108,  a).  The  other  elements  of  the  cara- 
pace are  united  together  by  marginal  sutures.  Analogous 
vacuities  are  left  in  the  plastron  (fig.  108,  b).  In  terrapenes 
and  tortoises  ossification  obliterates  such  vacuities ;  the  costal 
plates  unite  by  sutures  to  the  marginal  ones,  and  the  hyo-  and 
hypo-sternals  not  only  unite  along  the  mid-line  of  the  plastron, 
but  are  joined  laterally  by  sutures  with  more  or  less  of  the 
marginal  plates,  forming  the  side-walls  of  the  bony  chamber. 
In  all  chelonia,  save  the  mud-turtles  {Trionycidce\  the  exterior 
of  the  elements  of  both  carapace  and  plastron,  are  impressed 
by  the  homy  scutes  which  coated  the  bony  elements,  whereby 
the  shapes  and  proportions  of  such  scutes  can  be  recognized 
after  they  have  perished.  The  maiginal  impressions  of  the 
five  medial  or  "  vertebral "  scutes  are  shewn  in  the  carapace 
(fig.  108,  a),  at  v  I  to  t;  5 ;  the  lines  going  out  from  the  lateral 
angles  of  these,  mark  the  boundaries  of  the  ''  costal "  scutes. 
In  the  fossil  plastron  (fig.  109),  the  line  between  hu  and|>e, 
defined  the  "humeral"  and  ** pectoral"  scutes;  that  between 
pe  and  ad  defined  the  '^pectoral"  and  ''abdominal''  scutes; 
that  between  fe  and  an^  defined  the  ** femoral"  and  "anal" 
scutes,  etc* 

The  turtles,  being  unable  to  withdraw  the  head  within 
their  shell,  have  it  large  and  well  ossified,  as  in  fig.  91,  b, 
where  the  postfrontal,  ^,  the  mastoid,  m,  and  squamosal,  hy 
form  a  continuous  bony  vault  over  the  true  cranium ;  but  in 
the  land,  and  most  fresh-water,  tortoises,  the  temporal  fossse 
are  exposed.  The  bones  of  the  limbs  are  modified  according  to 
the  medium  of  life  and  locomotion ;  but  in  all  they  are  solid. 

*  Applications  of  the  above  analysis  and  nomenclature  of  ihe  parts  of  the 
carapace  and  plastron  to  the  reconstruction  of  fossil  Chelonia^  will  be  found  in 
the  Author^s  ''History  of  British  Fossil  Reptiles/'  4to,  parts  1-3. 
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Eeference  has  already  been  made  (p.  178)  to  the  impi-es- 
sions  in  sandstones  of  triassic  age  in  Dumfriesshire,  of  pro- 
bably chelonian  foot-prints.  These  have  been  finely  illns- 
trated  in  the  great  work  by  Sir  William  Jardine  on  the  foot- 
pi-ints  at  Corncockle  Muir.  The  earliest  proof  of  chelonian 
life  which  the  writer  has  obtained,  has  been  afforded  by  the 
skull  of  the  Chelone  planiceps  from  the  Portland  stone ;  and 
by  the  carapace  and  plastron  of  the  extinct  and  singularly- 
modified  genera  Tretostemon  and  Pleurostemon*  (fig.  109),  from 
Purbeck.  In  the  first  genus  the  plastron  retains  the  centitil 
vacuity ;  in  the  second  genus  an  additional  pair  of  bones  is 
interposed  between  the  hyostemals  (hs)  and  hypostemals 
(ps).  In  the  specimen  figured,  the  plastron,  and  the  under 
surface  of  the  marginal  pieces  (s  to  12)  of  the  carapace, 
of  Pleurodemon  emarginaium  are  shewn,  t  Emydian  re- 
mains, referred  to  the  genera  Hydropelta  and  Achelonia,  have 
been  obtained  from  the  lithographic  (upper  oolitic)  slates  at 
Cirin. 

True  marine  turtles  (Chelone  Camperiy  C.  Benstediy  C.  pul- 
chriceps)  have  left  their  remains  in  cretaceous  beds.^  The 
emydian  Protemys  is  from  the  greensand  near  Maidstone.  § 
The  eocene  tertiary  deposits  of  Britain  yield  rich  evidences  of 
marine,  estnaiy,  and  fresh-water  tortoises.  More  species  of  true 
turtle  have  left  their  remains  in  the  London  clay  at  the  mouth 
of  the  Thames  than  are  now  known  to  exist  in  the  whole 
world,  and  all  the  eocene  CheUmes  are  extinct.  One  of  them  (C. 
gigaSy  Ow.)  attained  unusual  dimensions;  the  skull,  now  in  the 
British  Museum,  measures  upwards  of  a  foot  across  its  back 

*  Monograph  of  the  Fossil  Chelonian  Reptiles  of  the  Wealden  and  Purbeck 
Limestones,  4to,  1S53,  Polwontographical  Society. 

f  This  fine  Chelonite  is  in  the  possession  of  Wro.  Cnnnington,  Esq.  Devizes ; 
and  a  similar  specimen,  from  Swanage,  Dorsetshire,  has  recently  been  acquired 
for  the  British  Museum. 

\  Owen,  "  Hist.  Brit.  Fossil  Reptiles/*  pp.  155-16S,  pis.  41-56. 

§  Op.  cit..  p.  169,  pi.  47. 
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part»*  The  Vlielotie  loiigiccps  resembled  a  Tfionyi:  iu  the 
shape  aiid-  production  of  the  muzzle  (fig.  91,  b),  and  an 
Emys  in  the  exteut  of  ossification  of  the  cara^mce  and  plaa- 
tron,  but  retained  all  the  esseutial  characters   of  a  turtle. 


Kg.  109. 
PlttiToiteritoji  anarginaUim  (Purbeck). 

The  estuary  genus  T-rionyx  (soft  turtle)  is  represented  by 
many  beautiful  species  in  the  upper  eocene  at  Hordwell  ;t 
the  fine  rugous  sculpturing  of  the  outer  surface  of  the 
carapace  and  plastron,  in  this  genus,  makes  the  recf^ni- 
tion  of  fossil  fr^ments  easy.     The  fresh-water  genera  Emys 

*  The  upper  end  of  the  TemDr  from  Sheppj,  in  t.  xiix.  of  Monograph  of 
Pomil  ReptilU  of  the  London  CUy,  Pslieontographic«l  Socielj,  1 850,  belong*  to 
thii  speciea.     See  also  "  Hist.  ofBrit.  Foas.  Reptiles,"  pp.  I(M0,  pie.  l-!2. 

t  Op.  cil.,  pp-  50*),  pl>.  26-33. 
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and  Platemys  are  exemplified  by  many  species  in  the  eocene 
deposits,  both  at  Sheppy  and  Hordwell.  In  the  pliocene 
of  (Eningen  remains  of  a  species  of  Chelydra  have  been 
discovered ;  this  generic  form  is  now  confined  to  America. 
Semains  of  land-tortoises  (Testudo,  Brong.)  indicate  several 
extinct  species  in  the  miocene  and  pliocene  formations  of 
continental  Europe.  Strata  of  like  age  in  the  Sewalik  Hills 
have  revealed  the  carapace  of  a  tortoise  (JJolossochdys  atlas), 
20  feet  in  length.  The  same  locality  has  also  afibrded  the 
interesting  evidence  of  a  species  of  Emys  {K  tectum.  Gray) 
having  continued  to  exist  from  the  (probably  miocene)  period 
of  the  Sivaiherium  to  the  present  day. 

Order  XIII. — Batrachia. 
{Toads,  Frogs,  Newts.) 

Char. — Vertebrae  biconcave  (Siren),  procoelian  (Rana),  or 
opisthoccelian  (Pipa) :  pleurapophyses  short,  straight. 
Two  occipital  condyles  and  two  vomerine  bones,  in  most 
dentigerous  :  no  scales  or  scutes.  Larvae  with  gills,  in 
most  deciduous. 

It  is  only  in  tertiary  and  post-tertiary  strata  that  extinct 
species,  referable  to  still  existing  genera  or  families  of  this 
order,  have  been  found.  The  reptiles  with  ampliibian  or 
batrachian  characters,  of  the  carboniferous  and  triassic  periods, 
<»mbined  those  characters  with  others  which  gave  them  dis- 
tinctions of  ordinal  value ;  they  illustrated,  indeed,  rather  a 
retention  of  the  more  general  cold-blooded  vertebrate  type, 
with  concomitant  piscine  and  saurian  features,  than  any  near 
affinity  with  the  more  specially  modified  naked  reptiles  to 
which  the  name  Batrachia  is  given  in  zoological  catalogues  of 
existing  species.  While  the  ganoid  type  of  fish  prevailed  the 
Batrachia  were  ganoid,  the  soft-skinned  Batrachia  belong  to 
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the  period  wlien  most  fishes  have  the  flexible  and  soluble 
cycloid  or  ctenoid  scales. 

Of  the  tailless  or  "  anourous  ^  Batrachia,  toads  of  extinct 
species  {Palmophrynos  Gessneri  and  P.  dissimilvi)  have  been 
discovered  in  the  CEningen  beds  ;  and  frogs,  more  abundantly, 
in  botli  miocene  and  pliocene  deposits  of  France  and  Germany. 
The  batracholites  from  the  tertiary  lignites  of  the  "  Siebenge- 
birge,"  near  Bonn,  shew  difierent  stages  of  transformation  of 
the  Rana  diluviana,  Gdf.  Tertiary  shales  from  Bombay  have 
shewn  remains  of  the  small  fossil  Rana  jmsUla. 

Of  the  salamander  family,  the  most  noted  fossil  is  that 
which,  from  the  size  of  the  head  and  vertebrae,  was  referred, 
when  first  discovered  at  CEningen  in  1726,  to  the  human 
species,  as  the  Hoino  diluvii  testis.  Cuvier  demonstrated  its 
near  aflSnities  to  the  water-salamander  (Menopama)  of  the 
United  states.  More  recently  a  living  species  of  salamander 
has  been  discovered  in  Japan  which  equals  in  size  the  fossil 
in  question — Andi^ias  Scheuchzeri, 

A  retrospect  of  the  foregoing  outline  of  the  palaeontology 
of  the  class  of  reptiles  shews  that,  unlike  that  of  fishes,  it  is 
now  on  the  wane ;  and  that  the  period  when  Reptilia  flourished 
under  the  greatest  diversity  of  forms,  with  the  highest  grade 
of  structure,  and  of  the  most  colossal  size,  is  the  mezozoic. 
The  progress  of  air-breathing  vertebrates,  graduating  by  close 
transitional  steps  from  the  water-breathing  class,  has  been 
checked,  as  if  it  had  been  unequal  to  the  exigencies  and  life- 
capacities  of  the  present  state  of  the  planet.  Septiles  have 
been  superseded  by  air-breathers  of  higher  types,  which  cannot 
be  directly  derived  from  the  class  of  fishes.  A  more  generar 
lized  vertebrate  structure  is  illustrated,  in  the  extinct  reptiles, 
by  the  afiinities  to  ganoid  fishes  shewn  by  the  Ganac^phala, 
LabyrinthodontiOy  and  IcfUhyopterygia  ;  by  the  affinities  of  the 
Pterosauria  to  birds,  and  by  the  approximation  of  the  Dino- 
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sauria  to  mammals.  It  is  manifested  by  the  combination  of 
crocodilian,  chelonian,  and  lacei-tian  characters  in  the  Crypto- 
dontia  and  Dicynoihmtia ;  and  by  the  combined  crocodilian 
and  lacertian  characters  in  the  Thecodontia  and  Sanropterygia, 
Even  the  Clielonia  of  the  Purbeck  period  illustrate  the  same 
principle,  by  the  more  typical  number  of  modified  haema- 
j)ophyses,  or  abdominal  ribs,  entering  into  the  composition  of 
their  plastron. 

The  diagram  (fig.  110)  gives,  in  the  horizontal  spaces,  a 
concise  view  of  the  geological  relations,  or  distribution  in 
time,  of  the  several  orders  of  the  class  Rqytilia  in  the  vertical 
columns.  In  the  first  column,  the  dark  mark  shews  that 
the  ganocephalous  group  represented  by  the  Arch^gosaurus 
began,  culminated,  and  ended  in  the  carboniferous  period.  The 
Labyrinthodonts,  commencing  at  the  top  of  the  coal  series, 
and  culminating  in  the  trias,  disappear  at  the  base  of  the 
oolitic  system.  Very  significant,  on  the  derivative  hypothesis 
of  species,  is  the  commencement  of  the  Ichthyirpterygia  where 
the  Ldbyrinthodontia  terminate.  The  Thecodonts  have  but 
the  partial  relationship  to  modem  Lacertilia  which  the  Laby- 
rinthodonts bear  to  the  modem  Batrachia,  The  progress 
of  aflSnity  or  transition  would  seem  to  be  from  them  to  the 
Dinosauria :  the  triassic  forms  of  the  Sauropterygia  diminish 
the  interval  between  the  Protorosaur  and  the  Plesiosaur. 

The  absence  of  Labyrinthodont  remains  in  the  permian,  and 
of  Ichthyosaurian  ones  in  the  wealden,  is  quite  compatible 
with  the  conviction  that  both  kinds  of  Eeptilia  were  elsewhere 
existing  during  the  periods  of  the  deposition  of  those  strata. 
A  difference  of  habit  corresponding  to  the  difi*erence  of  struc- 
ture explains  why  the  Plesiosaurs  might  leave  their  remains 
in  shallow  estuaiy  beds  of  the  Wealden,  whilst  the  more 
powerful  swimmers  were  lording  it  over  the  fishes  in  more 
open  seas.  Of  the  true  Batrachia,  those  retaining  the  tail 
ai)pear  to  have  been  at  their  maximum  during  the  upper 
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tertiary  period,  and  to  have  begun  to  decline  after  that  time  ; 
whilst  the  tailless  genera  and  species  are  most  numerous 
and  various  at  the  present  day.  The  Ophidia  resemble  the 
Anouray  commencing  in  the  older  tertiary,  and  shewing 
their  maximum  of  development  at  the  present  day.  The  true 
procoelian,  and  especially  the  pleurodont,  lizards,  commencing 
in  the  chalk,  have  also  gone  on  increasing  in  number  and 
variety  of  forms  to  the  present  day.  The  acrodont  group  was 
represented  by  MosasauruSy  with  a  maximum  of  size,  and 
extreme  modifications  for  marine  life,  during  the  cretaceous 
period.  The  great  ordinal  groups  of  Ichthyo-  and  Sav/ro- 
pterygidy  of  Pterosauriay  and  Dinosauriay  together  with  the 
amphi-  and  opistho-ccelian  Crocodilian  passed  away  ere  the 
tertiary  time  had  dawned.  The  procoelian  crocodiles,  which 
culminated  in  the  lower  and  middle  tertiary  times,  are  now 
on  the  wane.  Perhaps,  also,  the  same  might  be  said  of  the 
Chelonioy  in  regard  to  the  size  of  individuals  and  the  number 
of  species  of  certain  genera  {e,g,y  ChelonCy  Trionyxy  Chelydrd). 

Class  111.— AVES. 

Long  before  any  evidence  of  birds  from  actual  or  recog- 
nizable fossil  remains  is  obtained  in  tracing  the  progress  of 
life  from  the  oldest  fossiliferous  deposits  upwards,  we  meet 
with  indications  of  their  existence  impressed  in  sandstones  of 
the  triassic  or  liassic  period. 

These  earliest  evidences  of  the  class  are  by  footprints  in 
some  former  tidal  shore,  preserved  in  one  or  other  of  the  ways 
explained  in  the  section  "Ichnology."  The  fossU  bones  of 
birds  have  not  been  found  save  in  strata  of  much  later  date 
than  the  impressed  sandstones ;  and  they  are  much  more  i-are 
than  the  remains  of  mammals,  reptiles,  and  fishes,  in  any 
formations  except  the  most  recent  in  certain  limited  localities, 

,g,y  New  Zealand. 
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Sir  C.  Lyell  has  well  remarked,  that  **  the  powers  of  flight 
possessed  by  most  birds  would  insure  them  against  perishing 
by  numerous  casualties  to  which  quadrupeds  are  exposed 
during  floods."  The  same  writer  further  argues,  that  "  if  they 
chance  to  be  drowned,  or  to  die  when  swimming  on  water,  it 
will  scarcely  ever  happen  that  they  will  be  submerged  so  as 
to  become  preserved  in  sedimentary  deposits."*  It  is  true 
that  the  carcase  of  a  floating  bird  may  not  sink  where  it  has 
died,  but  be  carried  far  along  the  stream  :  ultimately,  however, 
if  not  devoured,  its  bones  will  subside  when  the  soft  parts 
have  rotted ;  and  both  the  compactness  of  the  osseous  tissue, 
and  the  facts  made  known  by  the  ornitholites  of  the  green- 
sand  near  Cambridge,  of  the  London  clay  at  Sheppy,  and  of 
the  Montmai-tre  eocene  quarry-stone,  shew  that  they  can  be 
preserved  in  the  fossil  state.  The  length  of  time  during  which 
the  carcase  of  a  bird  may  float,  doubtless  exposes  it  the  more 
to  be  devoured,  and  so  tends  to  make  more  scarce  the  fossil 
remains  of  birds  in  sedimentary  strata. 

Certain  it  is  that  the  major  part  of  the  remains  of  extinct 
birds  that  have  as  yet  been  found  are  those  of  birds  that  were  de- 
prived of  the  power  of  flight,  and  were  organized  to  live  on  land. 

The  existence  of  birds  at  the  triassic  period  in  geology,  or  at 
the  time  of  the  formation  of  sandstones  which  are  certainly  in- 
termediate between  the  lias  and  the  coal,  is  indicated  by  abun- 
dant evidences  of  footprints  impressed  upon  those  sandstones 
which  extend  through  a  great  part  of  the  vaUey  of  the  Connecti- 
cut Eiver,  in  Connecticut  and  Massachusetts,  North  America. 

The  footprints  of  birds  are  pecuKar,  and  more  readily  dis- 
tinguishable than  those  of  most  other  animals.  Birds  tread 
on  the  toes  only ;  these  are  aiticulated  to  a  single  metatarsal 
bone  at  right  angles  to  it,  and  they  diverge  more  from  each 
other  than  in  other  animals. 

Not  more  than  three  toes  are  directed  forward  ;t  the  fourth, 

•  Principles  of  Geology,  ed.  1847,  p.  721.  f  Save  in  the  Swift. 
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when  it  exists,  is  directed  backward,  is  shorter,  usually  rises 
higher  from  the  metatarsal,  and  takes  less  share  in  sustaining 
the  superincumbent  weight  Xo  two  toes  of  the  same  foot  in 
any  bird  have  the  same  number  of  joints.  There  is  a  constant 
numerical  progression  in  the  number  of  phalanges  (toe-joints), 
fi*om  the  innermost  to  the  outermost  toe.  When  the  back  toe 
exists,  it  is  the  innermost  of  the  four  toes,  and  it  has  two 
phalanges,  the  next  has  three,  the  third  or  middle  of  the  front 
toes  has  four,  and  the  outermost  has  five  phalanges.  When 
the  back  toe  is  wanting,  as  in  some  waders,  and  most  wingless 
birds,  the  toes  have  three,  four,  and  five  phalanges  respectively. 
When  the  number  of  toes  is  reduced  to  two,  as  in  the  ostrich, 
their  phalanges  are  respectively  four  and  five  in  number ;  thus 
shewing  those  toes  to  answer  to  the  two  outermost  toes  in 
tridactyle  and  tetradactyle  birds. 

The  same  numerical  progression  characterizes  the  two 
phalanges  in  most  lizards  from  the  innermost  to  the  fourth  ; 
but  a  fifth  toe  exists  in  them  which  has  one  phalaux  less  than 
the  fourth  toe.  It  is  the  fifth  toe  which  is  wanting  in  every 
bird.  In  some  Oallinacea^  one  or  two  {Pavo  hicalcaratus)  spurs 
are  superadded  to  the  metataraus  ;  but  this  peculiar  weapon 
is  not  the  stunted  homologue  of  a  toe. 

Dr.  Deane  of  Greenfield,  United  States,  noticed,  in  1835, 
impressions  resembling  the  feet  of  birds  in  some  slabs  of  sand- 
stone from  Connecticut  Eiver,  and  first,  in  a  letter  to  Dr. 
Hitchcock,  dated  March  7, 1835,  recorded  his  belief  that  they 
were  the  footsteps  of  a  bird.  He  prepared  casts  of  the  impres- 
sions, some  of  which  he  transmitted,  with  his  opinion  of  their 
nature,  to  Professor  Silliman,  Editor  of  the  American  Journal 
of  Science,  in  April  1835.  Dr.  Hitchcock,  President  of  Am- 
herst College,  United  States,  first  submitted  these  impressions 
to  scientific  comparison,  and  published  the  intei-pretation  of 
their  having  been  produced  by  the  feet  of  living  birds,  ancl 
gave  them  the  name  of  Omithichnites, 
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It  was  a  startling  announcement,  and  a  conclusion  that 
must  have  had  strong  evidence  to  support  it,  since  one  of  the 
kinds  of  the  tracks  had  been  made  by  a  pair  of  feet,  each 
leaving  a  print  20  inches  in  length.  Under  the  term  Omi- 
thichniies  giganteus,  however.  Dr.  Hitchcock  did  not  shrink 
from  proclaiming  his  conviction  of  the  existence,  during  the 
period  of  the  deposition  of  the  red  sandstones  of  the  valley  of 
the  Connecticut,  of  a  bird  which  must  have  been  at  least  four 
times  larger  than  the  ostrich.*  The  impressions  succeeded  each 
other  at  regular  intervals ;  they  were  of  two  kinds,  but  diffeiv 
ing  only  as  do  a  right  and  left  foot ;  and  they  alternated  with 
each  other,  the  left  foot  being  a  little  to  the  left,  and  the  right 
foot  a  little  to  the  right,  of  the  mid-line  between  a  series  of 
tracks.  Each  footprint  (fig.  Ill,  &  and  r)  exhibits  three  toes, 
diverging  as  they  extend  forwards.  The  distance  between  the 
tips  of  the  inside  and  outside  toes  of  the  same  foot  was  12 
inches.  Each  toe  was  terminated  by  a  short  strong  claw  pro- 
jecting from  the  mid  toe  a  little  on  the  inner  side  of  its  axis, 
from  the  other  two  toes  a  little  on  the  outer  side  of  theirs.  The 
end  of  the  metatarsal  bone  to  which  those  toes  were  articulated 
rested  on  a  two-lobed  cushion  which  sloped  upwards  behind. 
The  inner  toe  (r)  shewed  distinctly  two  phalangeal  divisions, 
the  middle  toe  three,  the  outer  toe  (ft)  four.  And  since,  in 
living  birds,  the  penultimate  and  ungual  phalanges  usually 
leave  only  a  single  impression,  the  inference  was  just,  that 
the  toes  of  this  large  foot  had  been  characterized  by  the  same 
progressively-increasing  number  of  phalanges,  from  the  inner 
to  the  outer  one,  as  in  birds.  And,  as  in  birds  also,  the  toe 
with  the  greatest  number  of  joints  was  not  the  longest ;  it 
measured,  e.^.,  12j  inches,  the  middle  toe  from  the  same  base- 
line measured  16  inches,  the  outer  toe  12  inches.  Some  of 
the  impressions  of  this  huge  tridactylous  footstep  were  so  well 
preserved  as  to  demonstrate  the  papillose  and  striated  character 

*  American  Journal  of  Science  for  1836,  vol.  xxix.,  pi.  i. 
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of  the  integument  covering  the  cushions  on  the  under  side 
of  the  foot  Such  a  structure  is  very  similar  to  that  in  the 
ostrich.  The  average  extent  of  stride,  as  shewn  by  the  dis- 
tance between  the  impressions,  was  between  three  and  four 
feet ;  the  same  limb  was  therefore  carried  out  each  step  from 
six  to  seven  feet  forward  in  the  ordiuEiry  rate  of  progression. 

These  footprints,  although  the  largest  that  have  been  ob- 
served on  the  Connecticut  sandstones,  are  the  most  numerous. 
The  gigantic  BrorUozouniy  as  Principal  Hitchcock  proposes  to 
term  the  species,  "  must  have  been,''  he  writes,  **  the  giant 
rulers  of  the  valley.  Their  gregarious  character  appears  from 
the  fact,  that  at  some  localities  we  find  parallel  rows  of  tracks 
a  few  feet  distance  from  one  another." 

The  strata  of  red  sandstone,  with  the  above-described  im- 
pressions, occupy  an  area  more  than  150  miles  in  length,  and 
from  5  to  10  miles  in  breadth.  "  Having  examined  this  series 
of  rocks  in  many  places  I  feel  satisfied  that  they  were  formed 
in  shallow  water,  and  for  the  most  part  near  the  shore  ;  and 
that  some  of  the  beds  were  from  time  to  time  raised  above  the 
level  of  the  water  and  laid  dry,  while  a  newer  series,  composed 
of  similar  sediment,  was  forming."  **  The  tracks  liave  been 
found  in  more  than  twenty  places,  scattered  through  an  extent 
of  nearly  80  miles  from  N.  to  S.,  and  they  are  repeated  through 
a  succession  of  beds  attaining  at  some  points  a  thickness  of 
more  than  1000  feet,  which  may  have  been  thousands  of  years 
in  forming."* 

One  of  the  evidences  of  birds  from  the  Cambridge  green- 
sand,  transmitted  to  the  writer  by  their  discoverer,  Mr.  Barret, 
is  the  lower  half  of  the  trifid  metatarsal,  shewing  the  outer  toe- 
joint  much  higher  than  the  other  two,  and  projecting  back- 
wards above  the  middle  joint ;  it  indicates  a  bird  about  the 
size  of  a  woodcock. 

In  the  conglomerate  and  plastic  clay  at  the  base  of  the 

*  Lyell,  Manual  of  Elementarj  Geology,  8vo,  1855,  p.  348. 
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eocene  tertiary  system  at  Meudon,  near  Paris,  the  leg  and 
thigh  bones  (tibia  and  femur)  of  a  bird  [Gastomis  Parisicnsis) 
have  been  discovered  :  they  indicate  a  genus  now  extinct. 
They  belonged  to  a  species  as  large  as  an  ostrich,  but  more 
robust,  and  with  affinities  to  wading  and  aquatic  birds.* 

In  the  eocene  clay  of  Sheppy,  fossil  remains  of  birds  have 
been  found,  indicating  a  small  vulture  (Lithomis  vniturimis)  ; 
also  a  bird,  probably  of  the  king-fisher  family  {Halcyomis 
toliapuncs),  and  a  species  of  the  sea-gull  family.  In  the  same 
formation  at  Highgate,  remains  of  a  species  of  the  heron  family 
have  been  found. 

The  fossil  bones  of  birds  from  the  gypsum  quarries  at 
Montmartre  were  referred  or  approximated  by  Cuvier  to  eleven 
distinct  species.  Good  ornitholites  have  been  obtained  from 
the  Hordwell  fresh-water  deposits. 

The  most  ancient  example  of  a  passerine  bird  is  the  Pro- 
tomis  Glarisiensis,  founded  on  an  almost  entire  skeleton  dis- 
covered in  the  schistose  rock  of  Glaris,  referable  to  the  older 
division  of  the  eocene  tertiary  series.  Tliis  skeleton  is  about 
the  size  of  a  lark,  and  in  some  respects  similar  to  that  bird. 

Comparisons  of  the  omithoHtes  of  the  eocene  tertiaries 
shew  that  the  following  ordinal  modifications  of  the  class  of 
birds  were  at  that  period  represented  :  the  raptorial^  or  birds 
of  prey,  by  species  of  the  size  of  our  ospreys,  buzzards,  and 
smaller  falcons,  and  most  probably  also  by  an  owl ;  the  inses- 
soricdy  or  tree-perching  birds,  by  species  seemingly  allied  to 
the  nuthatch  and  the  lark  ;  the  sca7isorials  or  anisodactyles, 
by  species  as  large  as  the  cuckoo  and  king-fisher ;  the 
rasorialsy  by  a  species  of  small  quail ;  the  cursorials,  by  a 
species  as  large  as,  but  with  thicker  legs  than,  an  ostrich  ;  the 
ffrallatorialy  by  a  curlew  of  the  size  of  the  ibis,  and  by  species 

*  Hebert,  "Comptes  Rendus  de  I'Acad.  dea  Sciences,"  1855.  Owen  "On 
tlie  Affinities  of  Gastornis  ParisiensiH,"  Quarterly  Journal  of  Greological  Society, 
vol.  xii.,  1856,  p.  204. 
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allied  to  ScolopaXy  Tringa,  and  Pelidruiy  of  the  size  of  our 
woodcocks,  lapwings,  and  sanderlings  ;  and  the  natatorialy  by 
species  allied  to  the  cormorant,  but  one  of  them  of  larger 
size,  though  less  than  a  pelican  ;  also  by  a  species  «Vin  to  the 
divers  {Merganser). 

The  remains  of  birds  become  more  abundant  and  varied  as 
we  approach  the  present  time ;  especially  in  the  miocene  strata, 
so  richly  developed  in  France,  although  wanting  in  Britain. 
One  of  the  most  singularly-modified  forms  of  beak  is  shewn 
by  the  flamingo.  The  fossil  skuU  of  a  species  of  this  genus 
(Phomicopterus)  has  been  found  in  the  miocene  fresh-water 
deposits  of  the  plateau  of  Gergovia,  near  Clermonte-Ferrand  ; 
the  entire  metatarsal  bone  of  a  species  of  eagle  (Aquila)  or 
osprey  (Pandion)  in  the  same  deposits  at  Chaptusal,  Allier  ; 
and  the  humerus  of  a  bird  allied  to  and  as  large  as  the  alba- 
tross, in  the  molasse  coquilli^e  marine  at  Armagne.  Eemains 
of  a  vulture,  most  probably  a  Cathartesy  have  been  found  in 
the  miocene  lacustrine  deposits  of  Cantal.  Indications  of  all 
the  other  orders  of  birds,  save  the  great  Cursores  or  Struthi- 
onidcB,  have  also  been  discovered  in  miocene  strata — those  of 
wading  birds  being  the  most  numerous. 

Fossil  eggs  of  birds  occur  in  miocene  deposits  in  Auvergne  ; 
and  impressions  of  feathers  have  been  discovered  in  the 
pliocene  calcareous  marls  at  Montebolca.  In  pliocene  brick- 
earth  deposits  in  Essex  has  been  found  a  fossil  metatarsal  of 
a  swan,  as  large  as,  and  not  distinguishable  from,  the  existing 
wild  swan  ;  in  the  pleistocene  clay  at  Lawford  a  fossil 
humerus  like  that  of  a  wild  goose.  But  most  of  the  omitho- 
lites  of  this  recent  tertiary  period  have  been  discovered  in 
ossiferous  caverns.  They  belong  to  birds  closely  resembling 
the  falcon,  wood-pigeon,  lark,  thrush,  teal,  and  a  smaller  wader. 
The  writer  has  received  information  of  skeletons  of  birds 
found  deeply  imbedded  in  stratified  clay  at  Aberdeen  and 
Peterhead. 
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The  most  extraordinary  additions  to  the  present  class  have 
been  obtained  from  the  superficial   deposits,   turbaries,  and 
caves  in  New  Zealand.*     This  island  is  remarkable  for  the 
absence  of  aboriginal  species  of  land-mammals,  and  for  the 
presence  of  a  small  bird  with  very  rudimental  wings,  and  the 
keel-less      ster- 
num and  loose 
/  plumage  of  the 

Struthious  or- 
der, but  of  a 
peculiar  genus 
called  Apieryx: 
the  1^!8  are  very 
robust,  and  have 
three  front  toes 
and  a  very  small 
hack  toe.  Birds 
resemljling  the 
Apleryx  in  the 
shapeof  the  ster- 
num and  bony 
structure  of  the 
pelvis  and  hind 
.  limbs,  some  re- 
■  taining  also  the 
small  back  toe, 
others  appai^ 
ently  without  it, 
fopmeriy  existed 
in  New  Zealand  under  different  specific  forma  ranging  in 
height  from  3  feet  to  10  feet    They  have  been  referred  by 

*  Then  ramaini  &r«  described  in  eigbt  memoin  b;  tbe  writer,  publisbed  in 
the  third  uid  fourth  t 
Ixindan.    Tbe  deacriptioi 


Fig.  111. 

A.  Dinomu  eUphaniopiu. 

B.  Leg-bones  of  DinomU  giganUa: 

h,  r.  Impreesions  called  Ornithicbnitee. 


DiiKTnu,  in  i 


w  of  the  Traneactions  of  the  Zoological  Sooiety  of 
<n  of  (he  fimt  fragment  of  tbe  bone,  indicatiTe  of  the 
!>.  39,  pi.  3. 
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the  writer  to  the  genera  Dinomis  and  Palapten/x.  The 
gigantic  species  are  interesting,  as  exhibiting  birds  equal  to 
the  formation  of  tridactyle  impressions  as  large  as  those  of 
the  Connecticut  sandstones,  called  Omithichnites  (Brontozoum) 
gigas  (fig.  11 1,  r,  &).  In  this  cut  is  given  a  figure  of  the  leg- 
bones  of  Dirwmis  giganteus  (B),  in  wliich  the  tibia  (Q  measures 
upwards  of  a  yard  in  length.  In  the  entire  skeleton  (^)  of  * 
another  species,  the  metatarsus  is  as  thick,  but  only  half  as 
long,  as  in  the  D.  gigantevs;  the  framework  of  the  leg  is  the 
most  massive  of  any  in  the  class  of  birds ;  the  toe-bones 
almost  rival  those  of  the  elephant ;  whence  the  name  Dinomis 
elepTumtoptLSy  given  to  this  species.  Several  other  species  of 
these  extinct  tridactyle  wingless  birds  have  been  determined — 
e,g^  Dinomis  ingensy  D.  struthiotdesy  D.  rhexdeSy  D.  dromioideSy 
D.  casuarinvSy  D.  robvMus,  D,  crassus^  D,  geranotdeSy  D.  curtvs. 
With  these  remains  have  been  found  bones  of  a  bird  the  size 
of  a  swan,  but  of  an  extinct  genus  (Aptomis)  ;  also  those  of  a 
large  coot  {Notomis  Mantelli)  which,  founded  originally  on 
fossil  remains,  was  afterwards  discovered  living  in  the  Middle 
Island  of  New  Zealand.  Two  species  of  ApteryXy  not  dis- 
tinguishable from  the  existing  kinds,  were  contemporaries 
with  the  gigantic  DinomiSy  and  the  writer  has  received  evi- 
dence that  the  Z>.  elephantopus  afforded  food  to  the  natives 
at  probably  no  very  remote  period  Some  of  the  smaller 
kinds  of  Dinomis  may  yet  be  found  living  on  the  Middle 
Island. 

In  Madagascar  portions  of  metatarsal  bones,  indicating  a 
three-toed  bird  {Epiomis)  as  large  as,  but  generically  distinct 
from,  the  Dinomis  gigantevSy  have  been  discovered  in  alluvial 
banks  of  streams  ;  and  with  them  entire  eggs,  measuring  from 
13  to  14  inches  in  long  diameter.  The  contents  of  one  of 
these  eggs  is  computed  to  equal  those  of  six  ostrich  eggs,  or 
of  one  hundred  and  forty-eight  hen's  eggs. 

In  the  neighbouring  island  of  Mauritius  the  dodo  (Didvs 
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ineptus)  has  been  exterminated  by  man  within  the  period  of 
two  centuries  ;  and  in  the  islands  of  Bourbon  and  Rodriguez 
the  "solitaire"  {Pezophaps)  has  also  become  extinct  Both 
these  birds  had  wings  too  short  for  flight 

Class  IV.— MAMMALIA. 

(Warm-bloodedf  Air-breathing^  Viviparous  Veiiehrates.) 

Every  calcified  part  of  an  animal,  whether  coral,  shell, 
crust,  tooth,  or  bone,  can  preser\'e  its  form  and  structure 
when  buried  in  the  earth  during  the  changes  there  gradually 
operated  in  it,  when  every  original  particle  may  have  been 
removed  and  replaced  by  some  other  mineral  substance  pre- 
viously dissolved  in  the  water  j>ercolating  the  bed  containing 
the  fossil.  A  bone,  or  other  part  so  altered,  is  said  to  be 
"petrified."  Not  only  are  all  its  outward  characters  pre- 
served, but  even  the  minutest  structure  may  be,  and  in  most 
cases  is,  demonstrable  in  the  fine  sections  under  the  micro- 
scope. 

Fossil  bones  and  teeth  have  been  discovered  in  every  in- 
termediate stage  of  alteration,  from  their  recent  state  to  that 
of  complete  petrifaction.  Eecent  bones  consist  of  a  gelatinous 
basis  hardened  by  earthy  salts,  chiefly  phosphate  of  lime.* 
Fishes  have  the  smallest  proportion,  birds  the  largest  propor- 
tion, of  the  earthy  matter  in  their  bones. 

Proportions  of  Hard  and  Soft  Matter  in  the  Bones  of  the 

Vertebrate  Animals, 

FISHES. 
SalmoiL  Carp.  Cod. 

Soft 60-62  40-40  34-30 

Hard 3938  59'60  65-70 


10000  10000  100-00 

*  That  this  combination  of  phoRphorus  and  calcium  has  ever  taken  place  in 
nature,  save  under  the  influences  of  a  living  organism,  remains  to  be  proved. 
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Soft- 
Hard 


REPTILES. 

Frog. 

.35-50 
.64-50 


10000 


Snake. 

31-04 
69-96 

100-00 


Lixard. 

46-67 
53-33 

100-00 


Soft- 
Hard. 


Porpoise.  Ox. 


.35-90 
.64-10 


3100 
6900 


Lion.  Man. 

27-70        3103 
72-30        68-97 


10000      100-00     100-00      100-00 


Soft- 
Hard 


BIRDS. 

Qooae. 

.32-91 
.6709 


100-00 


Turkey. 

30-49 
69-51 

100-00 


Hawk. 

26-72 
73-28 

100  00 


The  chemical  nature  of  the  hardening  particles,  and  of  the 
soft  basis  of  bone,  is  exemplified  in  the  subjoined  table,  in- 
cluding a  species  of  each  of  the  four  classes  of  Vertebrata : — 

Chemical  Composition  of  Bones, 


Ingredients. 

Hawk. 

Man. 

Tortoiae. 

Cod. 

Phosphate  of  lime,  with  trace  > 

of  fiuate  of  lime j 

Carbonate  of  lime 

64-39 

7-03 
0-94 

0-92 

27-73 

0-99 

59-63 

7-33 
1-32 

0-69 

29-70 
1-33 

52-66 

12-53 
0-82 

0-90 

31-75 
1-34 

57-29 

4-90 
2-40 

MO 

32-31 
2-00 

Phosphate  of  magnesia 

Sulphate,  carbonate,  and  chlo-  > 

rate  of  soda j 

Glutin  and  cbondrin 

Oil 

100-00 

100-00 

100-00 

100-00 

The  most  common  change  which  bones  first  undergo  is 
the  loss  of  more  or  less  of  their  soft  and  soluble  basis.  This 
effect  of  long  interment  is  readily  tested  by  applying  the 
specimen  to  the  tongue,  when  the  affinity  for  fluid  of  the  pores 
of  the  earthy  constituent,  after  having  lost  the  gelatine,  is 
so  great,  that  the  specimen  adheres  to  the  tongue  like  a  piece 
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of  dry  chalk.  Bones  and  teeth  in  this  state  quickly  absorb  a 
solution  of  gelatine,  and  thus  their  original  tenacity  may  be 
restored.*  Petrified  fossils  need  no  such  treatment ;  they  are 
usually  harder  and  more  durable  than  the  original  bone  itself. 

The  interpretation  of  such  fossil  remains  requires  a  com- 
parison of  them  with  the  corresponding  parts  of  animals  now 
living,  or  of  previously  determined  extinct  species.  In  the  case 
of  the  vertebrate  animals,  such  comparison  is  limited  to  the 
osseous  and  dental  systems.  The  interpretation  of  a  vertebrate 
fossil,  therefore,  presupposes  a  knowledge  of  the  various  modi- 
fications of  the  skeleton  and  teeth  of  the  existing  vertebrate 
animals  ;  and  the  more  extensive  and  precise  such  knowledge 
may  be,  the  more  successful  will  be  the  efforts,  and  the  more 
exact  the  conclusions,  of  the  interpreter. 

The  determination  of  the  remains  of  quadrupeds  is  beset, 
Cuvier  remarks,  with  more  difiiculties  than  that  of  other 
organic  fossils.  Shells  are  usually  found  entire,  and  with  all 
the  characters  by  which  they  may  be  compared  with  their 
analogues  in  the  museums,  or  with  figures  in  the  illustrated 
books,  of  naturalists.  Fishes  frequently  present  their  skeleton 
or  their  scaly  covering  more  or  less  entire,  from  which  may 
be  gathered  the  general  form  of  their  body,  and  frequently 
both  the  generic  and  specific  characters  which  are  derived 
from  such  internal  or  external  hard  parts.  But  the  entire 
skeleton  of  a  fossil  quadruped  is  rarely  found,  and  when  it 
occurs,  it  gives  little  or  no  information  as  to  the  hair,  the  fur, 
or  the  colour  of  the  species.  Portions  of  the  skeleton  with  the 
bones  dislocated,  or  scattered  pell-mell — detached  bones  and 
teeth,  or  their  fragments  merely — such  are  the  conditions  in 
which  the  petrified  remains  of  the  mammalian  class  most  com- 
monly present  themselves  in  the  strata  in  which  they  occur. 

*  The  writer's  experience  of  this  e£fect  led  him  to  suggest  the  application  of 
a  similar  process  to  the  long-huried  ivory  ornaments  from  the  ruins  of  Nineveh 
in  the  British  Museum  ;  it  proved  successful. 
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Prior  to  the  time  of  Cuvier  but  little  progress  had  been 
made  in  the  interpretation  of  such  fragmentary  remains.  The 
striking  success  which  attended  the  application  of  the  great 
comparative  anatomist's  science  to  this  previously  neglected 
field  of  study,  was  referred  by  Cuvier  to  principles  in  the 
organization  of  animal  bodies,  which  he  termed  the  "  Correla- 
tion of  Forms  and  Structures,"  and  the  "Subordination  of 
Organs" — principles  which  his  clear-thinking  biographer,  M. 
Flourens,*  in  common  with  most  contemporary  philosophers, 
has  regarded  as  the  most  efiective  and  successful  instrument 
in  the  restoration  of  extinct  animals.  They  will  be  exempli- 
fied in  the  course  of  the  present  section  of  this  work. 

A  terminal  phalanx  modified  to  fit  a  hoof  may  give,  as 
Cuvier  declared,  the  modifications  of  all  the  bones  of  the  fore 
limb  that  relate  to  the  absence  of  a  rotation  of  the  fore  leg, 
and  all  the  modifications  of  the  jaw  and  skull  that  relate  to 
the  mastication  of  food  by  broad-crowned  complex  molars. 

But  there  are  certain  associated  structures  for  the  coinci- 
dence of  which  the  physiological  law  is  unknown.  *'  I  doubt,** 
writes  Cuvier,  **  whether  I  should  have  ever  divined,  if  obseiv 
vation  had  not  taught  it  me,  that  the  ruminant  hoofed  beasts 
should  all  have  the  cloven  foot^  and  be  the  only  beasts  with 
horns  on  the  frontal  bone.'*t  We  know  as  little  why  horns 
should  be  in  one  or  two  pairs  on  the  frontal  bone  of  those 
Ungulates  only  which  have  hoofs  in  one  or  two  pairs ;  whilst 
in  the  homed  Ungulates  with  three  hoofs  there  should  be 
either  one  horn,  or  two  horns  placed  one  behind  the  other  in 
the  middle  line  of  the  skull ;  or  why  the  Ungulates  with  one 
or  three  hoofs  on  the  hind  foot  should  have  three  trochanters 
on  the  femur,  whilst  those  with  two  or  four  hoofs  on  the  hind 
foot  should  have  only  two  trochanters. 

*  iXoge  Historique  et  T Analyse  Baisoxinte  des  Travaaz  de  G.  Cuvier,  12mo. 
Paris,  1841,  p.  42. 

t  "  Recherches  sur  les  Osuemens  FossileB/'  8yo,  ed.  1834,  torn,  i.,  p.  184. 
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"  However,''  continues  Cuvier,  **  since  these  relations  are 
constant,  they  must  have  a  sufficing  cause ;  but  as  we  are 
ignorant  of  it,  we  must  supply  the  want  of  the  theory  by  means 
of  obsen^ation.*  This,  if  adequately  pursued,  will  serve  to 
establish  empirical  laws  almost  as  sure  in  their  application  as 
rational  ones."  "  That  there  are  secret  reasons  for  all  these 
relations,  observation  may  convince  us  independently  of 
general  philosophy."  "  The  constancy  between  such  a  fonn  of 
such  organ,  and  such  another  form  of  another  organ,  is  not 
merely  specific,  but  one  of  class,  with  a  coiTCsponding  grada- 
tion in  the  development  of  the  two  organs.'''}" 

"  For  example,  the  dentary  system  of  non-ruminant  Ungu- 
lates is  generally  more  perfect  than  that  of  the  Bisulcates  ; 
inasmuch  as  the  former  have  almost  always  both  incisors  and 
canines  in  the  upper  as  well  as  the  lower  jaw  ;  the  structure 
of  their  feet  is  in  general  more  complex,  inasmuch  as  they  have 
more  digits,  or  hoofs  less  completely  enveloping  the  phalimges, 
or  more  bones  distinct  in  the  metacarpus  and  metatarsus,  or 
more  numerous  tarsal  bones ;  or  they  have  a  more  distinct 
and  better  developed  fibula;  or  a  concomitance  of  all  these 
modifications.  It  is  impossible  to  assign  a  reason  for  these 
relations ;  but,  in  proof  that  it  is  not  an  affair  of  chance,  we 
find  that  whenever  a  bisulcate  animal  shews  in  its  dentition 
any  tendency  to  approach  the  non-ruminant  Ungulates,  it  also 
manifests  a  similar  tendency  in  the  conformation  of  its  feet 
Thus  the  camels,  which  have  canines  and  two  or  four  incisors 
in  the  upper  jaw,  have  an  additional  bone  in  the  tarsus,  result- 

*  "  Puisque  ces  rapports  sont  constants,  il  faut  bien  qu^ls  aient  une  cause 
Ruffisante ;  mais  comme  nous  ne  la  connoissons  pas,  nous  devons  suppleer  au 
defaut  de  la  throne  par  le  mojen  de  robservation.**     (Tom.  cit.,  p.  184.) 

f  "  En  effet,  quand  on  forme  un  tableau  de  ces  rapports,  on  y  remarque  non- 
seulement  une  Constance  spccifique,  si  Ton  peut  s*exprimer  ainsi,  entre  telle 
forme  de  tel  organe,  et  telle  autre  forme  d'un  organe  di^rent ;  mais  Ton  aper^oit 
aussi  une  Constance  de  classe  et  une  gradation  correspondante  dans  le  developpe- 
ment  de  ces  deux  organes,  qui  montrent,  presqae  aussi  bien  qu*un  raisonnement 
ofTectif,  leur  influence  mutuelle."     (Tom.  cit.,  p.  185.) 
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iiig  from  the  scaphoid  uot  being  couttueut  with  tlie  cuboid ;  and 
the  small  hoofs  have  correspondingly  small  phalanges.  The 
musk-deer,  which  have  long  upper  canines,  have  the  fibula  co- 
extensive with  the  tibia,  w-hilst  the  other  ruminants  have  a 
mere  rudiment  of  fibula  articulated  to  the  lower  end  of  the  tibia.'' 
"  There  is  then  a  constant  harmony  between  two  oi-gans  to  all 
appearance  quite  strangers  to  each  other,  and  the  gradations  of 
their  forms  coiTespond  uninterruptedly  even  in  the  cases  where 
one  can  render  no  ^reason  for  such  relations."  "  But  in  thus 
availing  ourselves  of  the  method  of  observation  as  a  supple- 
mentary instrument  when  theory  abandons  us,  we  arrive  at 
astonishing  details.  The  smallest  articular  surface  {facctte) 
of  a  bone,  the  smallest  process,  presents  a  determinate  character 
relating  to  the  class,  to  the  order,  to  the  genus,  and  to  the 
species  to  which  they  belong  ;  so  that  whoever  possesses 
merely  the  well-preserved  extremity  of  a  bone,  may,  with 
application,  aided  by  a  little  tact  (aclresse)  in  discerning  ana- 
logies, and  by  sufficient  comparison,  determine  all  these  things 
as  surely  as  if  he  possessed  the  entire  animal."* 

There  have  been,  of  course,  instances,  and  will  be,  where 
for  want  of  the  **  efficacious  comparison,"  and  the  "  tact  in  dis- 
cerning likeness,"  such  results  have  not  rewarded  the  endea- 
vours of  the  palaeontologist ;  and  these  shortcomings,  and  the 
mistakes  sometimes  made,  even  by  Cuvier  himself,  have  been 
cast  in  the  teeth  of  his  disciples,  as  arguments  against  the 
principles  by  which  they  believed  themselves  guided  in  their 
endeavours  to  complete  the  glorious  edifice  of  which  their 
master  laid  the  foundations. 

The  writer  has,  therefore,  quoted  from  the  well-known 
"  Preliminary  Discourse"  to  Cuvier's  gi-eat  work  on  Fossil 
Kemains,  with  a  view  to  neutralize  the  efforts  of  statements 
reitemted  in  apparent  ignorance  of  the  clear  and  explicit 
manner  in  which  Cuvier  there  defines  the  limits  within  which 

•  Tom.  tit.,  p.  187. 

z 
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the  law  of  correlation  of  animal  structures  may  he  successfuUv 
applied,  and  indicates  the  instances  in  which — the  physiolo- 
gical condition  being  unknown,  and  the  coincident  structures 
being  undei'st<)od  empirically — careful  observation  and  rigor- 
ous comparison  must  supply  the  place  of  the  physiologically 
understood  law. 

Those  who  deny  the  existence  of  design  in  the  construction 
of  any  part  of  an  organized  body,  and  who  protest  against  the 
deduction  of  a  i)urpose  from  the  valves  of  the  veins  or  the  lens 
of  the  eye-ball,  repudiate  the  reasoning  which  the  paliBonto- 
logist  carries  out  from  the  hoof  to  the  grinder,  or  from  the 
carnassial  molar  to  the  retmctile  claw,  through  the  guidance 
of  the  principle  of  a  pre-oixlained  mutual  adaptation  of  such 
parts  ;  but  such  minds  are  not,  nor  have  been,  those  who  have 
contributed  to  the  real  advancement  of  physiology  or  palaeon- 
tology. 

By  reference  to  the  "  Table  of  Strata'*  (fig.  1),  it  will  be 
seen  that  the  earliest  evidence  of  a  vertebrate  animal  is  of  the 
cold-blooded  water-breathing  class  in  the  upper  Silurian  period. 
Next  follows  that  of  a  cold-blooded  but  air-breathing  verte- 
brate, under  the  batrachian  grade,  in  the  carboniferous  period. 
The  warm-blooded  air-breathing  classes  are  first  indicated,  as 
birds,  by  footmarks  in  a  sandstone  of  probably  triassic  but 
not  older  age ;  and,  as  mammals,  by  fossil  teeth  from  bone- 
beds  of  the  upper  triassic  system  in  Wirtemberg,  and  of,  appa- 
rently, the  same  age  near  Frome,  Somersetshire.  Mammalian 
remains  have  also  been  found  in  a  coal-field  in  North  Carolina, 
which  may  be  earlier,  but  cannot  be  later,  than  the  lias  forma- 
tion. 

Genus  Microlestes. — The  mammalian  teeth  from  German 
and  English  trias  indicate  a  very  small  insectivorous  quad- 
iiiped,  to  which  the  above  generic  name  was  given  by  Pro- 
fessor Plieninger.  The  German  specimens  were  discovered  in 
1847  in  a  bone  breccia  at  Piegerloch,  about  two  miles  from 
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Stuttgardt,  the  geological  relations  of  which  are  well  deter- 
mined as  between  lias  and  Keiiper  sandstone.  The  teeth  of 
Microlestes  from  an  agglomerate  occupying  a  fissure  of  the 
carboniferous  limestone  near  Frome,  submitted  to  the  writer 
by  the  discoverer,  Mr.  Charles  Moore,  F.G.S.,  in  1858,  are 
four  in  number,  two  being  molars  of  the  upper  jaw^,  each 
with  four  fangs  ;  one  a  molar  with  a  narrower  crown  and 
two  fangs  from  the  lower  jaw  ;  and  the  fourth  a  small,  pointed, 
front  tooth.  The  crowns  of  the  molars  are  short  vertically  in 
proportion  to  their  breadth  ;  the  distinct  enamel  contrasts 
with  the  cement-covered  fangs  ;  the  grinding  surface  shews  a 
wide  and  shallow  depression,  surroimded  by  small,  low, 
obtuse  cusps,  three  of  equal  size  being  on  one  side,  a  larger 
cusp  near  one  end,  and  smaller  and  less  regular  cusps  on  the 
side  opposite  the  three.  One  lower  molar  shews  a  similar 
type,  but  with  the  three  marginal  cusps  less  equal  in  size  :  a 
second  smaller,  and  from  a  more  anterior  part  of  the  series  has 
three  low  cusps  on  one  side,  and  but  one  cusp  on  the  other 
side  of  the  crown,  the  grinding  surface  of  which  presents  an 
elongate  triangular  form.  This  tooth  had  two  fangs.  The 
crown  of  the  largest  of  tlie  upper  molars  does  not  exceed  one 
line  in  its  longest  diameter.  Amongst  existing  Mammals, 
some  of  the  small  molars  of  the  marsupial  and  insectivorous 
Mymiecobitis  of  Australia  ofler  the  nearest  resemblance  to 
these  fossil  teeth ;  but  a  still  closer  one  is  presented  by  the 
small  tubercular  molars  of  the  extinct  oolitic  Mammal  called 
Plagiaulax  (fig.  120,  m  x  and  2). 

Geniis  Dromatherium.* — This  genus  is  founded  on  a 
mmus  of  a  lower  jaw,  not  quite  an  inch  in  length,  containing 
7  tricuspid  molars,  like  those  of  SpalacoiJieriumy  preceded 
apparently  by  3  simple,  slender,  cuspidate  premolars,  in  a 
continuous  series  ;  in  advance  of  which  is  a  canine  and  3 
conical  incisors,  tlic  latter  being  divided  by  shoii:  intervals,  ns 

*  KmmonK,  "  Amcriciin  (ieology,"  pt.  vi.,  l><r»7,  p.  03. 
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in  Phdscolothfriiou.  Tlie  sjH'^Jmeii  is  fixmi  the  Cliathain  coal- 
field, N.  Caitiliiia,  and  is  probably  of  triassic  age. 

Gmi's  Amphitheku-m  {Tkylacotherium,\n\)* — Thia  geuus 

is  founded  upon  a  few  siieciiuMis  of  lower  jaw,  one  ranms  of 

which  (fig.  1 1 2)  frave  the  entire  ilcntitioii  of  its  side, — viz.,  three 

small    uonical   inci- 

I  sdi-s    (i},  one   rather 

lai'ger  canine  (c),  six 

'  premolars,     unictis- 

pid,    with    a    small 

[,.,«crjuw  Hii<l  iwlb  ..r  tlio  AmphilUrium         PO'lt  at  OUe  OF  both 
I'ltvottii  (twico  nal,  ki/.>).  gjjpg     ^f     j[jg     -^^^^ 

(p,  1-6),  and  six  (lutnqiie-eiispid  molars  (in,  i-6)  not  depart- 
ing very  far  from  the  tyiH!  above  described.  Tlie  molars, 
and  most  of  tlie  premolai"s,  are  implanted  by  two  roots.  The 
condyle  of  the  jaw  is  convex,  and  is  a  little  liigher  than  the 
level  of  the  teeth  ;  the  coionoid  process  is  broad  and  high  ; 
the  angle  projects  backward,  with  a  feeble  production  inward. 
It  is,  again,  to  the  marsupial  Myrmeeohius,  amongst  living 
forms,  that  the  present  genus  is  most  nearly  allied.  The 
i-eniains  of  AiiipMl/ieriuvi  are  fivm  the  lower  oolitic  slates  of 
Stoncsficid  (fig.  114,  stratum  *). 

Getius  AMPHILESTES.+ — Tliis  genus  is  founded  on  a  ramus 
of  the  lower  jaw,  from  the  Stonesfield  oolitic  slate,  shewing 
true  molars  of  a  compressed  form,  with  a  lai^e  middle  cusp 
and  a  smaller,  but  well  marked,  one  at  tlie  fore  and  back  part 
of  its  base  ;  the  "  ciugulum,"  or  basal  ridge,  peculiar  to  mam- 
malian teeth,  traverses  the  inner  ridge  of  the  crown,  where  it 
develops  three  small  cusps,  one  at  the  base  of  the  large  outer 
or  principal  cusp,  and  the  other  two  forming  the  anterior  and 
posterior  ends  of  the  crown.     Tliis  form  of  tooth  is  unknown 

*  Fur  the  full  dcucnptiun  and  demon  Ht  rat  ion  of  ihc  maniiiiBliaD  nnture  of  iIiih 

much-diacusBed  fosBil,  see  Dnffii,  Hislorj  of  Brilish  Fiissil  .Maninuil.i,  8vn.  p.  B!». 

t  Owi'ii,  Hi^t.  Itrit.  I'dJiH.  M«m.,  p.  58,  fig.  IP  (Ami'hillierium  Droderipii). 
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ill  existing  Mainmalio,  but  is  as  well  adapted  for  crusliiiig  the 
cases  of  coleopterous  insects  (elytra  of  ■which  are  found  fossil 
in  the  same  oolitic  matrix)  as  are  any  of  the  multi-cuspid 
molars  of  small  opossums,  shrews,  and  bats.  The  Amphilestes 
Broderipii  was  somewhat  lai'ger  than  A  mphiihei-ium  Prevostii. 

Genus  Phascolothesium. — Although  the  evidence  of  the 
very  slight  degree  of  inflection  of  the  angular  process  of  the 
lower  jaw  of  Amphitkerium  may  favour  its  affinity  to  the 
placental  Insectivores,  yet  the  range  of  variety  to  which  that 
mandibular  character  is  subject  in  the  different  genera  of 
existing  Marsupialia  warns  us  against  laying  undue  sti-ess 
upon  its  feeble  development  in  the  extinct  genus  of  the  oolitic 
epoch,  and  incites  us  to  look  with  redoubled  interest  at  what^ 
ever  other  indications  of  a  marsupial  character  may  be  present 
in  the  fossil  remains  of  other  genera  and  species  of  Mammalia 
that  have  been  detccte<l  in  the  Stonesfield  slate. 

In  the  specimen  of  PA(MTO/o/A«c(i/m  (Hg.  11 3),  the  marsupial 


I^werjiin-  und  teeth  of  the  Fkaiedothermm  (nnt.  eiie  in  mitliiif), 
I..i«rr  Oolite. 

cliaractcra  arc  more  strongly  manifested  in  the  general  form  of 
the  jaw,  and  in  the  extent  and  position  of  the  inflected  angle, 
while  the  agreement  with  the  genue  Bidelphyn  in  the  number 
of  the  premolar  and  molar  teeth  is  complete.     The  forms  of 
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the  crowns  of  those  teeth  difier  from  those  in  Didclphys,  and 
coiTespond  so  closely  with  those  in  the  A  mj^hil^stes  Brodcripii, 
tis  to  shew  the  closer  afiinity  of  the  Phascolothei^  with  the 
latter  oolitic  Insectivore ;  and,  accordingly,  whatever  addi- 
tional evidence  of  marsupiality  is  affoi-ded  by  the  Pliascolo- 
thenuvi,  may  be  regarded  as  strengthening  the  claims  of  both 
Am})kilestes  and  Amphithcnum  to  be  admitted  into  the  mai^ 
siipial  group.  The  general  form  and  proportions  of  the  coronoid 
process  of  the  jaw  of  PhxiHcolotherium  resemble  those  in  the 
zoophagous  Marsupials  ;  and  especially  with  that  of  the 
Thylacpim  in  regard  to  the  depth  and  form  of  the  entering 
notch  between  this  process  and  the  condyle. 

The  base  of  the  inwardly-bent  angle  of  the  lower  jaw  pro- 
gressively increases  in  Didelphj/s,  DasynrvjSy  and  Thyla<yinus ; 
and  judging  from  the  fractured  surface  of  the  corresponding 
part  of  the  fossil,  it  most  nearly  resembles  the  jaw  of  Thyla- 
cinus.  The  condyle  of  the  jaw  is  prominent,  and  nearer  the 
plane  of  the  inferior  margin  of  the  ramus  in  the  Tliylacine 
than  in  the  Dasyures  or  opossums :  and  consequently,  when 
the  inflected  angle  is  broken  off,  the  curve  of  the  line  continued 
from  the  condyle  along  the  lower  margin  of  the  jaw  is  least  in 
the  Thylacine.  In  this  particular,  again,  the  Phascolothere 
resembles  that  Australian  Carnivore.  In  the  position  of  the 
dental  foramen,  the  Phascolothere,  like  tlie  Amphithere,  differs 
from  the  zooi)hagous  Marsupials  and  placental  Carnivora  and 
Insectivora,  and  resembles  the  Hyps{prymnu,%  a  marsupial 
Herbivore,  tJiat  orifice  being  near  the  vertical  line  dropped 
from  the  last  molar  tooth.  In  the  direction  of  the  line  of  the 
symphysis,  the  Phascolothere  resembles  the  Opossums  more 
than  the  Dasyures  or  Thylacines.  It  is  probable  that  the 
teeth  at  the  fore  part  of  the  jaw  shewed  the  same  correspon- 
dence. In  the  number  of  the  molar  series,  Phascolotherium 
differs  from  Amphitheriumy  Am2'>Mleste,%  and  Myrmecobins,  and 
resembles  the  Thylacine  and  Opossum,  but  without  having 
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the  premolars  (j|?,  i,  2,  3)  distiuguished,  as  in  them,  from  the  tnie 
molars  (m,  i,  i,  3, 4),  by  smaller  and  more  simple  crowns. 

The  lower  molai-s  of  Didelphys  shew  the  addition  of  a 
pointed  tubercle  on  the  inner  side  of  the  middle  cone :  in 
Phascolotherium  a  mere  basal  ridge  or  cingulum  extends  along 
the  inner  side  of  the  middle  cone.  Such  a  ridge  is  present  in 
the  last  molar  of  Sarcophilns,  but  not  in  the  other  molars  ;  but 
in  these  there  are  two  small  hind  cusps  on  the  same  transverse 
line,  whilst  that  cusp  appears  to  be  single  in  Phascolotherium, 
The  cingulum,  moreover,  in  the  second  to  the  penultimate  of 
the  molar  series  of  this  fossil,  extends  so  far  as  to  form  a  small 
talon  at  the  fore  and  back  part  of  the  crown  ;  thus  making 
five  points,  which  are  ver}'  distinct  in  the  third  to  the  penul- 
timate tooth  inclusive  ;  and  by  this  character  the  dentition  of 
Phascolotherium  differs  materially  from  any  existing  Marsupial, 
and  repeats  the  type  of  molar  which,  as  yet,  would  seem  to  be 
peculiar  to  the  Insectivora  of  the  oolitic  epoch.  There  is  a 
feeble  indication  of  this  structure  in  the  antepenultimate  and 
penultimate  molars  of  Thylacinus,  but  the  hinder  division  of 
the  crown  shews  two  small  cusps  on  the  same  transverse  line, 
besides  the  rudimental  hindmost  one ;  and  there  is  no  cin- 
gulum. Upon  the  whole,  it  would  seem  that,  though  the 
affinity  may  not  be  close,  Phascoloiherium  most  resembles 
Tliylaci7ius  amongst  existing  Mammals  ;  but  Thyladnus  is  now 
confined  to  Tasmania,  and  is  there  fast  verging  to  extinction. 

The  resemblance  shewn  by  the  lower  jaw  and  its  teeth  of 
the  Ami)hithere  and  Phascolothere  to  marsupial  genera  now 
confined  to  Australia  and  Tasmania,  leads  one  to  reflect  on  the 
interesting  con*espondence  between  other  organic  remains  of 
the  Oxfordshire  oolite  and  other  existing  forms  now  confined 
to  the  Australian  continent  and  surrounding  sea.  Here,  for 
example,  swims  the  Cestracion,  or  Port-Jackson  shark,  which 
has  given  the  key  to  the  nature  of  the  "palates'*  from  our 
oolites,  now  recognized  as  the  teeth  of  congeneric  larger  forms 
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of  canila.irinous  fi.she.s.     Mr.  Broderip  observes*  "that  it  may 
not  l)e  uninteresting  to  note  that  a  recent  species  of  Trigmiia 

lias  \Qvy  lately  been 
discovered   on  the 
coast  of  Austi^ia, 
^^    that  land  of  marsu- 
pial animals.     Our 
specimen  lies   im- 
bedded with  a  num- 
ber of  fossil  shells 
of  that  genus."  Not 
only  Trigonm  hut 
Terehratidce    exist, 
and  the  latter  ab- 
undantly,   in     the 
Australian       seas, 
yielding     food    to 
the   Cestracion,  as 
-   their  extinct  ana- 
logues     doubtless 
^^ ." ' ^"'T^" " ^,'' ^^j/A}Mil"y7^>^y^'y^^^   did    to   the   allied 
^'<>Mr  W^;<^<MO:Jm^<^<^<:^^f'7'^^  Plagiostomes  with 


Fig.  114. 
After  Fitton. 

1.  Rubbly  limestone  (cornbrnRh). 

2.  Cla^,  with  Tercbratulites. 

3.  LimeRtone  rock. 

4.  Blue  clay. 

5.  Oolitic  rock. 

6.  Stiff  claj. 

7.  Oolitic  rap,  or  limestone. 


cmshing  teeth,  cal- 
led Acrodv.%  Psam- 
modtis,  etc.  Aran- 
carUe  and  cycadeous 
plants,  like  those 
found  fossil  in  ool- 
itic beds,  flourish  on 


8.  Sand,  bod  containing  the  Stone«field  slate.  ^^^  Australian  con- 
tinent, where  marsupial  quadrupeds  now  abound ;  and  thus 
appear  to  complete  a  picture  of  an  ancient  condition  of 
the  earth's  surface,  which  has  been  superseded  in  our  hemi- 

•  Zoological  Journal,  vol.  iii.,  p.  408,  pi.  .xl.,  1828. 
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81)here  by  other  strata  and  a  higtier  type  of  iimmiiialian 
organization.  Fig.  11-t  I'epresents  a  sectiou  of  tlie  strata 
overlying  the  slates  whence  the  fossil  mnninialian  jaws,  witli 
associated  Megalosaurs,  Pterodactyles.  and  other  oolitic  or- 
ganisms, have  been  obtained  at  Stonesfield  in  Oxfordshire. 
Tlie  vertical  thickness  of  the  strata  throu<;h  which  the  shaft 
is  sunk  to  the  gallery  is  62  feet ;  on  the  side  opposite  the 
right  hand  is  marked  the  depth  of  the  horizontal  gtdlery, 
where  the  slate  is  dug  which  contains  the  fossils ;  on  the 
opposite  aide  the  strata  are  numbered  in  succession. 

Genm  STERE0ONATHU3. — This   mammalian  animal,  from 
the  Stonesfield  slate,  exhibits  a  type  of  grinding  teeth  distinct 
from  that  in  any  of  the  previously  acquired  jaws  from  secon- 
dary strata,  and  appears  to  have  , 
been  a  small  vegetarian  or  om- 
nivorous quadruped.    It  is  known 
by  a  portion  of  a  lower  jaw,  im- 
bedded in  the  characteristic  ma- 
trix, and  three  molar  teeth  (fig. 
1 15,  a,  b,  c).     The  crown  of  the 
tooth  (fig.  1 IC,  B)  is  of  a  quadrat*                   ^e- 1"5. 
1.           _       .„.       ,         ,       -<        .„.    SttTtoQnalkiu :  portion  of  law,  iin- 
form,  3  millimetres  by  SJ  milli-      beJded  in  oSitie  maiHx  {n.t. 

metres,  of  very  little  lieight,  and      ^'^'^ 
supports  six  subeqnal  cusps  in  three  pairs,  each  pair  being 
more  closely  connected  in  the  antero-poaterior  direction  of  the 
tooth  than  transversely. 

The  outer  side  of  the  crown  (fig.  115,  h),  supported  by  a 
bifurcate  fang  which  contracts  as  it  sinks  inta  the  socket, 
shews  two  jirincipal  cusps  or  cones,  and  a  small  acccssoiy 
basal  cusp.  Tlie  cones  are  subcompressed,  and  placed  obliquely 
on  the  crown,  so  that  the  hinder  one  (if,  fig.  110)  is  a  little 
overlapped  externally  by  the  front  one,  o,  the  fore  part  of  the 
base  of  the  hinder  one  being  prolonged  inwards  on  the  inner 
side  of  the  base  of  the  front  t;one.     Tlie  two  middle  cones 
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(A,  i)  ure  siibcuiiiij rested  latcmlJy,  with  tlie  fore  part  of  their 
base  a  little  broader  than  tlie  back  part.  The  two  inner  conea 
(j),  }!)  ha\'e  their  iinicv  surface  convex,  with  their  summits 
sliylitlyinelinedforwards.  The 
fore  part  of  the  base  of  the 
hinder  cone  is  prolonged  ob- 
liqnely  towards  tlie  centre  of 
the  crown,  beyond  the  con- 
ti^ous  end  of  the  base  of  the 
front  cone,  so  as  to  cause  an 
arrangement  like  that  of  tlie 
two  out€r  cones  {o,  6),  the  ob- 
liquity of  the  posterior  cone 
of  both  the  outer  and  the 
fkereiigaiiihnt :  upper  view  of  portion  inner  pairs  being   such  that 

.if  jaw  (nat. -i^i'l,  nn.l  maenified  vien- 

or  tbn  niiddlo  lootli,  £  (StaneafieUI  they  Slightly  Converge  as  they 
*'"''"'^-  extend  forwanls. 

This  type  of  tooth  diffei-s  from  that  of  all  other  known 
recent  or  extinct  Mammals.  The  nearest  apin-oach  to  it  is 
made  by  the  middle  lower  true  molar  (tig,  124,  wt,  i)  of  Fliiy 
tophus  viilpicejiR,  a  small  extinct  herbivorous  Mammal  from 
the  London  clay. 

That  the  fragment  in  question  ia  the  jaw  of  a  Mammal  ia 
inferred  from  the  implantation  of  the  tooth  hy  two  or  more 
roots.  Most  Mammals  are  known  to  have  certain  teeth  so 
implanted.  Such  complex  mode  of  implantation  in  bone  has 
not  been  observed  in  any  other  class  of  animals.  "Why  two 
or  more  roots  of  a  tooth  should  be  peculiar  to  viviparous 
quadrupeds,  giving  suck,  is  not  precisely  known.  That  a 
tooth,  wliether  it  be  designed  for  grinding  hard  or  cutting  soft 
substances,  should  do  both  the  more  effectually  in  the  ratio  of 
its  firmer  and  more  extended  implantation,  is  intelligible. 
That  a  more  perfect  performance  of  a  preliminary  act  of 
digestion  should  be  a  necessary  correlation,  or  be  in  harmony. 
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with  a  more  complete  conversion  of  the  food  into  chyle  and 
blood, — and  that  such  more  efficient  type  of  the  whole  diges- 
tive machinery  should  be  correlated,  and  necessarily  so,  with 
the  hot  blood,  quick-beating  heart  and  quick-breathing  lungs, 
with  the  higher  instincts,  and  more  vigorous  and  varied  acts 
of  a  Mammal,  as  contrasted  with  a  cold-blooded  reptile  or 
fish, — is  also  conceivable.  To  the  extent  to  which  such  and 
the  like  reasoning  may  be  true,  or  in  the  direction  of  the 
secret  cause  of  the  constant  relations  of  many-rooted  teeth 
discovered  by  observation, — to  that  extent  will  such  rela- 
tions ascend  from  the  empirical  to  the  rational  category  of 
laws. 

The  interest  which  the  above-described  fossil  from  the 
Stonesfield  oolitic  slate  excites  is  not  exclusively  due  to  its 
antiquity,  its  uniqueness,  or  its  peculiarity ;  much  is  attached 
to  its  relations  as  a  test  in  palaeontology  of  the  actual  value  of 
a  single  tooth  in  the  determination  of  other  parts  of  the 
organization  of  the  animal.  According  to  our  opinion  of  these 
unseen  parts,  we  frame  our  expression  of  the  nature  and 
affinities,  or  of  the  place  in  the  zoological  system,  of  the 
extinct  species.  From  the  resemblance  of  the  lower  molars 
of  Stereognathus  to  those  of  Pliolophis,  which,  though  not 
close,  is  closer  than  to  the  teeth  of  any  other  known  animal, 
it  is  probable  that  the  Stereognathus  was  hoofed,  and  conse- 
quently herbivorous,  or  deriving  the  chief  part  of  its  subsis- 
tence from  the  vegetable  kingdom.  Cuvier  has  written, — 
"  La  premiere  chose  h  faire  dans  I'etude  d'un  animal  fossile  est 
de  reconnaitre  la  forme  de  ses  dents  molaires  ;  on  determine 
par  Ik  s'il  est  carnivore  ou  herbivore,  et  dans  ce  dernier  cas, 
on  pent  s'assurer,  jusqu'i  un  certain  point  de  Tordre  d'herbi- 
vores  auquel  il  appartient."*  In  the  case  in  question  the 
form  of  the  molar  teeth  of  one  jaw  is  recognizable,  but  the 
herbivority  of  the  fossil  is  not  thereby  determined.    We  can 

*  Ossemens  Fossiles,  4to,  torn,  iii.,  1822,  p.  1. 
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only  infer  it  to  be  more  probable  that  the  fossil  was  a  Herbi- 
vore than  an  Insectivore  or  a  mixed-feeding  Carnivore. 

Admitting  the  lierbivority  of  the  fossil,  it  is  not  certain 
that  it  was  hoofed  ;  there  is  nothing  in  the  form  and  stnicture 
of  the  tooth  to  prove  that.  Both  form  and  structure  are 
compatible  with  the  hoofless  muticate  type  of  herbivorous 
Mammal,  as  shewn  by  the  Manatee  ;  it  is  the  small  size  of 
the  Stereognathus  which  renders  it  less  probable  that  it  was  a 
diminutive  kind  of  Manatee,  and  more  probable  that  it  was  a 
diminutive  form  of  Ungulate.  But  seeing  the  manifold 
diversities  of  the  multi-cuspid  form  of  molar  teeth  in  recent 
and  extinct  insectivorous  unguiculate  quadrupeds,  it  is  not 
impossible  but  that  the  Stereognathus  may  have  belonged  to 
that  order  ;  there  is  no  known  physiological  law  forbidding  it. 

The  form  of  the  cusps,  and  their  regular  symmetrical 
arrangement  in  the  Stereog7iathns,  as  compared  with  the  known 
modifications  of  multi-cuspid  molars  in  certain  small  extinct 
forms  of  hoofed  quadrupeds,  constitute  the  sole  ground  upon 
which  an  opinion  is  formed  of  its  most  probably  belonging  to 
the  same  section  of  Ungviata,  But  nothing  is  known  of  the 
comparative  anatomy  of  the  family  of  quadrupeds  to  which 
the  Stcreognaihiis  belonged.  Its  peculiar  type  of  grinding 
tooth  may  have  been  combined  with  modifications  of  the 
skeleton  so  far  different  from  those  of  any  now  known,  as  to 
have  constituted  a  peculiar  marsupial  family  with  a  type  of 
skeleton  as  distinct  as  that  which  Cuvier  inductively  studied 
in  the  feline  Camivora  (fig.  160),  and  in  the  niminant  Herhi- 
vora  (fig.  161),  whereby  he  was  enabled  to  enunciate  that 
beautiful  law  of  the  "correlation  of  forms  and  structures,'*  the 
application  of  which  will  be  subsequently  illustrated. 

In  the  ratio  of  the  knowledge  of  the  reason  of  the  coinci- 
dences of  animal  structures — in  other  words,  as  those  coinci- 
dences become  "correlations'' — is  our  faith  in  the  soundness 
of  the  conclusions  deduced  from  the  application  of  such  law. 
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A  knowledge  of  the  physiological  conditions  governing  the 
relations  of  the  contents  of  the  cavities  of  bones  to  the  flight 
and  other  modes  of  locomotion  in  birds,  both  enabled  the 
writer  to  infer  from  one  fragment  of  a  skeleton  that  it  belonged 
to  a  terrestrial  bird  deprived  of  the  power  of  flight,  and  to 
predict  that  such  a  bird,  but  of  less  rapid  course  than  the 
ostrich,  would  ultimately  be  found  in  New  Zealand.* 

Certain  coincidences  of  form  and  structure  in  animal 
bodies  are  determined  by  observation.  By  the  exercise  of  a 
higher  faculty  the  reason,  or  a  reason,  of  these  coincidences  is 
discovered,  and  they  become  correlations  ;  in  other  words,  it  is 
known  not  only  that  they  do  exist,  but  how  they  are  related 
to  each  other.  In  the  case  of  coincidences  of  the  latter  kind, 
or  of  '*  correlations"  properly  so  called,  their  application  to  the 
reconstruction  of  an  extinct  species  is  more  easy  and  sure 
than  in  the  case  of  coincidences  which  are  held  to  be  constant 
only  because  so  many  instances  of  them  have  been  obser\'ed. 
The  application  of  the  latter  kind  of  coincidences  is  limited 
to  the  actual  amount  of  observation  of  them. 

The  consciousness  of  that  limitation  led  the  enunciator  of 
the  law  of  correlation  to  call  the  attention  of  palaeontologists 
expressly  to  the  extent  to  which  it  could  then  be  applied,  as, 
for  instance,  to  the  determination  of  the  class,  but  not  the 
order  ;  or  of  the  order,  but  not  the  family  or  genus,  etc. ;  and 
to  caution  them  also  as  to  the  extent  of  the  cases  in  which, 
the  coincidences  being  only  known  empirically,  he  enjoins 
the  necessity  of  further  obser\'ation,  and  of  caution  in  their 
induction.  Cuvier  expresses,  however,  his  belief  that  such 
coincidences  must  have  a  suflScient  cause,  and  that  cause  once 
discovered,  they  then  become  correlations  and  enter  into  the 
category  of  the  higher  law.  Future  comparative  anatomists 
will  have  that  great  consummation  in  view,  and  its  result-, 
doubtlessly,  will  be  the  vindication  of  the  full  value  of  the 

*  TransactioiiK  of  the  Zoological  Society,  vol.  iii.,  p.  32,  pi.  3. 
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law  ill  the  interpretation  of  fossil  remains  as  defined  by  the 
illustrious  founder  of  palieontolog}'. 

(rnim  Spalacotherium,  Ovv.  — Tlie  next  stratum  overlying 
the  older  oolites  in  which  mammalian  remains  Lave  been 
detected,  is  a  member  of  the  newest  oolitic  series  at  Purbeck, 
Dorsetshire,  called  the  "marly"  or  "dirt-bed;"  they  have 
been  described  under  the  name  o{  SimlacotlieHum*  tncuspidcns. 
The  specimen  here  selected  (fi«^'.  117)  to  exemplify  the  species 

is  a  ri^dit  mmus  of  the  lower 
jaw.    The  posterior  half  con- 
tains four  teeth,  and,  instead 
Fig  117.  0^   shewing  the  compound 

Spcdncotherium  tricujfpulens  (twice  nat.    Structure  whicll  that  part  of 
8i.o),  Purbeck  beds.  y^^  -^^  ^^,^j^.^  ^  ^^^  jj^^ 

tribe,  it  is  undivided.  The  crowns  of  the  teeth  are  long,  nar- 
row, and  tricuspid,  the  inner  part  of  the  crown  being  produced 
into  a  point  botli  before  and  behind  the  longer  cusp  which  forms 
the  chief  outer  division  of  the  crown.  Each  of  these  teeth  is 
implanted  by  a  fang  divided  externally  into  two  roots,  in  a 
distinct  socket  in  the  substance  of  the  jaw.  The  multicusi>id 
crown,  the  divided  root  of  the  tooth,  its  complex  implantation, 
and  the  undivided  or  simple  structure  of  the  ramus  of  the 
jaw,  all  concurred,  therefore,  to  prove  the  mammalian  nature 
of  this  fossil.  Other  specimens  shewed  that  the  Spalaco- 
therium  had  ten  molar  teeth  in  each  ramus  of  the  lower  jaw, 
preceded  by  a  small  canine  and  incisons.  The  anterior  molars 
are  compressed,  increase  in  height  and  thickness  to  the  sixth, 
and  from  the  seventh  decrease  in  size  to  the  hindmost, 
which  seems  to  be  the  last  of  the  series.  The  sharp  multi- 
cuspid character  of  so  much  of  the  dental  series  as  is  here 
preserved,  repeats  the  general  condition  of  the  molar  teeth  of 
the  small  insectivorous  Mammalia  in  a  striking  degree  :  one 
sees  the  same  perfect  adaptation  for  piercing  and  crushing  the 

*  From  «-7ceAa^,  a  mole :  ^ttfUi,  a  beast. 
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tough  cliitiuous  cases  and  elytra  of  insects.  The  particular 
modification  of  the  pointed  cusps,  as  to  number,  proportion, 
and  relative  position,  resembles  in  some  degree  that  of  the 
Cape  mole  (Chrysochlora  aurea),  but  both  in  these  respects 
and  in  the  number  of  molars,  the  dentition  accords  more 
closely  with  that  of  the  extinct  Amphitherium.  The  chief 
interest  in  the  discovery  of  the  SpalacotheHum  is  derived 
from  its  demonstration  of  the  existence  of  Mammalia  about 
midway  between  the  older  oolitic  and  the  oldest  tertiary 
periods. 

Both  the  Oxford  oolitic  slate  and  the  Purbeck  marly  shell- 
beds  give  evidence  of  insect  life  ;  in  the  latter  formation  abun- 
dantly. The  association  of  these  delicate  Invertebrata  with 
remains  of  plants  allied  to  Zamia  and  Cycas^  is  indicative  of 
the  same  close  interdependency  between  the  insect  class  and 
the  vegetable  kingdom,  of  which  our  power  of  surveying  the 
phenomena  of  life  on  the  present  surface  of  the  earth  enables 
us  to  recognize  so  many  beautiful  examples.  Amongst  the 
enemies  of  the  insect  class  ordained  to  maintain  its  due  nume- 
rical relations,  and  organized  to  pursue  and  secure  its  count- 
less and  diversified  members  in  the  air,  in  the  waters,  on  the 
earth  and  beneath  its  surface,  bats,  lizards,  shrews,  and  moles 
now  carry  on  their  petty  warfare  simultaneously,  and  in 
warmer  latitudes  work  together,  or  in  the  same  localities,  in 
their  allotted  task.  No  surprise  need  therefore  be  felt  at  the 
discovery  that  Mammals  and  Lizards  co-operated  simultan- 
eously and  in  the  same  locality  at  the  same  task  of  restraining 
the  undue  increase  of  insect  life  during  the  period  of  the  de- 
position of  the  Lower  Purbeck  beds. 

Genus  Triconodon,  Ow. 

Sp.  Triconodon  mordax. — This  name  is  proposed  for  a  small 
zoophagous  Mammal,  whose  generic  distinction  is  shewn  by 
the  shape  of  the  crowns  of  the  molar  teeth  of  the  lower  jaw, 
(fig.  1 1 8),  which  consist  of  three  nearly  equal  cones  on  the  same 
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lou^'itudinal  row,  the  middle  one  being  ver}'  little  lai-ger  than 
the  front  and  hind  cone ;  and  these  cones  aiv  not  complicated 
by  any  cingulum  or  accessory  basal  cusp.  The  convex  con- 
dyle is  below  the  leyel  of  the  alveoli, 
is  i)edunculate,  and  there  is  no  angu- 
lar pi-ocess  pi-ojecting  beneath  it  The 
,,.     .,  coR)noid  pix)cess   is  broad  and  high, 

Fig.  118.  ^  ° 

.law  of  Triconodon  mordax   ^vith  its  hinder  point  not  extended  so 
(luit.  si/A-;,  1*111  bock.       far  back  as  the  condyle;  the  depression 

marking  the  insertion  of  the  temporal  muscle  extends  nearly 
to  the  lower  border  of  the  jaw.  There  are  the  obscure  remains 
of  three  bnjken  incisors,  and  the  point  of  appai-ently  a  canine ; 
next  come  the  two  stumps,  or  broken  roots  of  a  small  pre- 
molar ;  then  the  crown  of  a  second  doubk^rooted  premolar, 
which  shew  a  principal  cone  and  a  small  anterior  cusp ;  the 
next  tooth  is  wanting ;  then  there  is  a  lai-ge  premolar,  with 
the  two  fangs  raised  some  way  out  of  their  socket :  the  crown 
of  this  tooth  shews  a  principal  cone,  with  a  small  anterior  and 
large  posterior  talon ;  it  rises,  apparently  from  partial  dis- 
placement, higher  than  the  succeeding  molars  ;  these  are  three 
in  number,  and  present  the  characteristic  three-coned  structure 
already  described ;  each  cone  is  smooth,  and  convex  exter- 
nally. The  three  cones  seem  to  answer  to  the  three  middle 
or  principal  cones  of  the  molars  of  Amphilcstes  and  Phascolo- 
tJuriuvi,  but  the  front  and  hind  cones  are  raised  to  near 
equality  with  the  middle  cone  in  Triccmodon, 

The  lower  jaw  of  this  species,  in  the  relation  of  the  con- 
dyle to  the  lower  border,  resembles  that  of  Phascolothti'iurth 
more  than  that  of  Amphitheriuvi^  but  it  differs  from  both  ; 
there  is  not  the  same  gradual  cur\'e  from  the  condyle  to  the 
symphysis  as  in  PJuiscolothcrunn ;  and  the  condyle,  besides 
being  on  a  lower  level,  is  divided  by  a  less  deep  notch  from  the 
coronoid  process.  This  process  is  lai'gcr  in  proportion  to  the 
entu'o  jaw  ;  approaches  more  nearly  to  the  quadrate  or  rhom- 
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boid  form,  the  upper  boi-der  being  lesa  curved ;  it  aflbrds  a 
more  extensive  surface  of  attachment  to  the  principal  biting 
muscles  than  in  most  predatory  extinct  or  recent  quadrupeds. 
This  character,  with  the  depth  and  strength  of  the  jaw,  sug- 
gested the  specific  name.  From  the  shape  of  the  exposed  part 
of  the  ramus,  we  may  conclude  that  the  part  answering  to  the 
angle  is  bent  inwards,  and  that  TrkoTwdon  was  a  genus  of  the 
marsupial  order.  The  specimen  was  discovered  by  Mr.  Beccles 
in  the  same  "  dirt-bed  "  at  Purbeck  as  that  in  which  Spalaco- 
theriwm  was  found. 

Oenus  Plagiaulax,*  Fr. — The  most  remarkable  of  Mr. 
Beccles'  discoveries  in  the  above  formation  are  the  mammalian 
jaws  indicative  of  the  genus  above  named,  of  which  two  species 
have  been  determined  by  Dr.  Falconer. 

Sp.  Plagiaulax  Becdesii,  Fr, — Two  specimens  exemplified 
the  shape  and  pro- 
portions of  the  entire 
jaw  of  this  species 
{fig.  119).  The  fore- 
most tooth  (z)  is  a  [ 
very  large  one, 
shaped  like  a  canine, 
but  implanted  by  a  „       .. ,    .  .   ,  „  .    , 

Plagiavlax  BeeeUtii  (twice  n»t.  Slie),  Pnrbeck. 
thick    root    in    the 

fore  part  of  the  jaw,  like  the  laige  lower  incisor  of  a  shrew  or 

wombat    The  three  anterior  teeth  in  place  have  compressed 

trenchant  crowns,  and  rapidly  augment  in  size  from  the  first 

(»)  to  the  third  {4).     They  are  followed  by  sockets  of  two 

much  smaller  teeth,  shewn  in  other  specimens  to  have  sub- 

tuberculate  crowns  resembling  those  of  MicroUsta.    The  lai^e 

front  tooth  of  Plagiaulax  is  formed  to  pierce,  retain,  and  kill ; 

■  Aq  abbreviation  for  FlagiatUaccdon,  from  rXBrm,  obtiqM,  and  rixii, 
groove  ;  baving  reference  to  tlrn  diagonal  grooving  of  the  premolar  t«eth.     "  Pro- 
ceedingB  of  the  Geolopcnl  Societj,"  March  19.57,  p.  261. 
2  A 
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the  succeeding  teeth,  like  the  caroassiala  of  Camivora,  are,  like 
the  blades  of  shears,  adapted  to  cut  and  diride  soft  substances, 
such  as  fleslL  As  in  Camivora,  also,  these  sectorial  teeth  are 
succeeded  by  a  few  small  tubercular  ones.  The  jaw  conforms 
to  this  ciiaracter  of  the  dentition.  It  is  short  in  proportion  to 
its  deptli,  aud  consequently  robust,  sending  up  a  broad  and 
hif^h  coronoid  process  (h),  for  the  adequate  grasp  of  a  large 
temporal  muscle ;  and  the  condyle  (c)  is  placed  below  the 
level  of  the  grinding  teeth — a  character  unknown  in  any 
hevbivorous  or  mixed-feeding  biannual ;  it  is  pedunculate,  as 
in  the  predaceous  marsupialia,  whilst  the  lever  of  the  coronoid 
process  is  made  the  stronger  by  the  condyle  being  carried 
farther  back  from  it  than  in  any  known  carnivorous  or  herbi- 
vorous aniroaL  The  angle  of  the  jaw  makes  no  projection 
below  the  condyle,  but  is  slightly  bent  inward,  according  to 
the  marsupial  tj-pe. 

Sp.  Pld'^iiaulnx  minor,  Fr, — In  this  Species  the  first  pre- 

_  molar   (tig.  120,  p,  i)   is   pre- 

I  served  ;  the  rest  (p,  »,  j,  and  4) 

shew  nearly  the  same  shape  and 

proportions  as  in  P.  BaxUsii. 

The  fiist  molar  (m,  t)  has   a 

y    J2Q  broad  depression  on  the  grind- 

Plagia«laxmi«ar{{nMT  times  nnt.n7^).i^g    Surface,    surrounded    by 

.Purbeck  (after  Ljell).  tuberoles,  of  which  three   ai« 

on  the  outer  border ;  the  marginal  tubercles  of  the  second 

molar  {m  i)  are  smaller  and  more  numerous. 

In  the  general  shape  and  proportions  of  the  large  premolar 
{p,  4)  aud  succeeding  molars,  Plaguivlax  most  resembles 
Thylacoko  (fig,  173,  p,  m  i  and  1), — a  much  larger  extinct 
predaceous  Marsupial  from  tertiary  beds  in  Australia.  But 
the  sectorial  teeth  in  Plagiaulax  are  more  deeply  grooved  ; 
whence  its  name.  The  single  compressed  premolar  of  the 
kangaroo-rat  is  also  grooved ;  but  it  is  differently  shaped,  and 
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is  succeeded  by  four  square-crowned  double-ridged  grinders 
adapted  for  vegetable  food ;  and  the  position  of  the  condyle, 
the  slendemess  of  the  coronoid,  and  other  characters  of  the 
lower  jaw,  are  in  conformity  to  that  regimen.  In  Thylacoleo 
the  lower  canine  or  canine-shaped  incisor  projected  from  the 
fore  part  of  the  jaw  close  to  the  symphysis,  and  the  correspond- 
ing tooth  in  Plagiaviax  more  closely  resembles  it  in  shape  and 
direction  thtm  it  does  the  procumbent  incisor  of  Hypsiprymnus. 
From  this  genus  Plagiaulax  differs  by  the  obliquity  of  the 
grooves  on  its  premolars  ;  by  having  only  two  true  molars  in 
each  ramus  of  the  jaw,  instead  of  four  ;  by  the  salient  angle 
which  the  surfaces  of  the  molar  and  premolar  teeth  form, 
instead  of  pi*esenting  a  uniform  level  line ;  by  the  broader, 
higher,  and  more  vertical  coronoid ;  and  by  the  very  low 
position  of  the  articular  condyle. 

The  physiological  deductions  from  the  above-described 
characteristics  of  the  lower  jaw  and  teeth  of  Plagiaulcur  are, 
that  it  was  a  carnivorous  Marsupial.  It  probably  found  its 
prey  in  the  contemporary  small  insectivorous  Mammals  and 
Lizards,  supposing  no  herbivorous  form,  like  Stereognathvs,  to 
have  co-existed  during  the  upper  oolitic  period. 

In  the  Woodwardian  Museum  at  Cambridge  is  a  specimen 
of  anchylosed  cervical  vertebrae  of  a  cetaceous  animal  as  large 
as  a  grampus,  but  presenting  specific  distinctions  from  all 
known  recent  and  fossil  species.  It  is  stated  to  have  been 
found  in  the  brown  clay  or  **  till*  near  Ely ;  but  in  its  petri- 
fied condition,  colour,  and  specific  gravity,  it  is  so  different 
from  the  true  bones  of  the  **  till,"  and  so  closely  like  the  fossils 
of  the  Kimmeridge  clay,  as  to  make  it  extremely  probable  that 
it  has  been  washed  out  of  that  formation. 

No  evidence  of  the  mammalian  class  has  yet  been  met 
with  in  the  chalk  beds. 

The  examples  of  the  Mammalia  of  the  oldest  tertiary 
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strata  are  the  Coryiihxlon  and  Palocoajoriy  respectively  repre- 
senting the  ungulate  (herbivorous)  and  unguiculate  (carnivor- 
ous) moditications  of  the  wave-brained  section  of  the  class 
(Gi/rencephrtla) ;  their  remains  have  been  found  in  the  plastic 
clay  and  equivalent  lignites  in  England  and  France. 

Genus  Coryphodon,  Ow. — Rarely  hsis  the  writer  felt  more 
misgiving  in  regard  to  a  conclusion  based,  in  palaeontology,  on  a 
single  tooth  or  bone,  than  that  to  which  he  arrived  after  a  study 
of  the  unique  fragment  of  jaw  with  one  tooth  dredged  up  off  the 
Essex  coast,  and  on  which  he  founded  the  genus  CcnypJuxIon.* 

The  marked  contraction  of  the  part  of  the  jaw  near  one 
end  of  the  tooth  seemed,  at  first  view,  clearly  to  shew  it  to  be 
the  narrower  fore  part  of  the  ramus ;  in  that  case  the  tooth 
would  have  been  a  premolar,  and  of  comparatively  little  value 
in  the  determination  of  a  genus  or  species.  But  a  closer  in- 
spection shewed  the  line  of  abrasion  of  the  summits  of  the  two 
transverse  ridges  of  the  tooth  to  be  on  one  side,  and  the  gene- 
ral law  of  the  relative  apposition  and  reciprocal  action  of  the 
upper  and  lower  grinders  in  tapiroid  Pachyderms  detennined 
that  those  oblique  linear  abrasions  must  be  on  the  hinder 
side  of  the  ridges.  The  smaller  and  more  obscure  characters 
carried  conviction  against  the  showing  of  the  larger  and  more 
catching  ones.  So,  in  determining  the  position  of  the  nautilus 
in  its  pearly  abode,  when  the  animal  without  its  shell  was 
first  brought  to  England  in  1831,  the  reasons  afforded  by  some 
small  and  inconspicuous  parts  in  like  manner  outweighed  the 
first  impressions  from  more  obvious  appearances,  as  well  as 
the  bias  from  the  general  analogies  of  testaceous  Univalves. 
Some  contemporary  naturalists  asserted,  and  for  a  time  it  was 
believed,  that  the  nautilus  had  been  put  upside  down  in  its 
shell,  t  just  as  some  contemporary  anatomists  surmised  that 

*  History  of  British  Fossil  Mammals,  8vo,  p.  299,  figs.  103,  104.     This 
specimen  is  now  in  the  British  Museum. 

t  In  plate  i.  of  the  writer's  Memoir  of  the  Nautilus,  4to,  1832. 
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the  writer  had  mistaken  the  fore  for  the  back  part  of  the  jaw 
of  his  Coryphodon,  which,  in  that  case,  might  only  be  the 
known  Lophiodon.  In  both  instances  the  conclusions  founded 
on  the  less  obvious  characters  have  proved  to  be  correct.  And 
the  writer  would  remark  that,  in  the  course  of  his  experience, 
he  has  often  found  that  the  prominent  appearances  which  first 
catch  the  eye,  and  indicate  a  conformable  conclusion,  are 
deceptive ;  and  that  the  less  obtrusive  phenomena  which 
require  searching  out,  more  frequently,  when  their  full  signi- 
ficance is  reasoned  up  to,  guide  to  the  right  comprehension  of 
the  whole.  It  is  as  if  truth  were  whispered  rather  than  out- 
spoken by  Nature. 

A  fossil  canine  tooth,  brought  up  from  a  depth  of  160 
feet,  out  of  the  "  plastic  clay,"  during  the  operations  of  sinking 
a  well  at  Camberwell,  near  London,  belongs,  from  its  size 
(near  3  inches  in  length),  to  a  large  quadruped,  and,  from  the 
thickness  and  shortness  of  its  conical  crown,  not  to  a  carnivor- 
ous but  to  a  hoofed  Mammal,  most  resembling  in  shape, 
though  not  identical  with,  that  of  the  crown  of  the  canine 
tooth  of  some  large  extinct  tapiroid  Mammals,  which  Cuvier 
had  referred  to  his  genus  Lcphiodon,  but  which  has  since 
proved  to  belong  to  Coryphodon, 

The  last  lower  molar  of  Lophiodon  has  three  lobes  ;  the 
corresponding  molar  of  Coryphodon  resembles  that  of  the 
tapir  in  the  absence  of  a  third  lobe.  It  presents  two  divisions 
in  the  form  of  transverse  ridges  or  eminences,  the  front  ridge 
being  the  largest^  and  with  its  edge  most  entire.  From  the 
outer  end  of  each  division  a  ridge  is  continued  obliquely 
forward,  inward,  and  downward  :  the  anterior  one  extends  to 
the  antero-intemal  angle  of  the  base  of  the  crown ;  the 
posterior  one  terminates  at  the  middle  of  the  interspace  be- 
tween the  two  chief  divisions  of  the  crown.  The  ti^enchant 
summit  of  the  anterior  ridge  is  slightly  concave  toward  the 

*  Hist.  Brit.  Foss.  Mamm.,  p,  306,  fig.  106. 
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fore  part  of  the  tootli,  as  in  that  of  Lophiodon  ;  but  its  outer 
and  iuuer  ends  rise  higher,  and  appear  as  more  distinct  cones 
or  points ;  the  posterior  ridge  shews  three  points  ;  whence 
tlie  generic  name  of  Coryphodon, 

Some  lophiodontoid  fossils  from  the  lignites  of  Soissons 
and  Laon,  and  from  the  plastic  clay  of  Meudon  in  France, 
including  the  upper  molar  tooth  figured  in  the  chapter  of  the 
"  Kecherches  sur  les  Ossemens  Fossiles,*^  entitled  **  Animaux 
voisins  de  Tapirs,"  pi.  vii.,  fig.  6,  belong  to  the  genus  Cory- 
phodon,  Cuvier  states  that  the  entire  skeleton  was  found, 
indicative  of  an  animal  as  long  and  almost  as  large  as  a  bulL 
Both  the  lower  molar  from  Harwich,  and  the  upper  one  from 
Soissons,  indicate  an  animal  of  at  least  double  the  size  of  the 
American  tapir. 

Professer  Hebeil  has  recently  described  a  very  instructive 
series  of  teeth  and  bones  from  the  oldest  eocene  deposits  in 
France,  wliich  he  refers  to  a  smaller  species  of  the  genus 
Coryphodon :  *  the  last  molar  is  identical  in  form  with  the 
tooth  from  the  plastic  clay  of  Essex,  on  which  the  genus  was 
originally  founded. 

Geniis  Pliolophus,  Ow. — Tlie  most  complete  and  instruc- 
tive example  of  a  Mammal  from  the  next  overlying  division 
of  the  eocene  tertiaries,  viz.,  the  **  London  clay,"  is  the  Pliolo- 
phus vitipiceps.  It  is  a  hoofed  Herbivore,  but  presents  a  denti- 
tion not  exhibited  by  any  later  or  existing  species  of  Mammal. 

The  characteristics  of  the  skuU  (fig.  121)  determine  the 
hoofed  nature  of  tlie  species,  and  its  affinities  to  the  Perisao- 
dactyla,  or  the  order  of  Ungulata  with  toes  in  odd  number. 
The  extent  and  well-defined  boundary  of  the  temporal  fossae 
by  the  occipital  ( 3 ),  parietal  ( 7 ),  and  pos Wrontal  ridges,  and 
their  free  communication  with  the  orbits,  give  almost  a  car- 
nivorous character  to  this  part  of  the  cranium  ;  but  as  in  the 

*  Coniptes   RenduB  de  I'Acad.  des   Sciences,   Paris,    26th   Jauuarj  1857 
{Cortffhodon  Owtni^  Herbert). 
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hog,  hyrax,  and  palieothei'e,  the  gi'eatest  cerebml  expansion  is 
at  the  middle  and  toward  the  fore  part  of  the  fossie,  with  a 


Fig.  121. 
Skull  or  P!iiA>pluu  mlpieept  (half  nat.  lizs),  LoQdoD  clay. 

contraction  toward  the  occiput ;  the  brain-case  not  continuing 
to  enlarge  backward  to  beyond  the  origin  of  the  zygomata,  as 
in  the  fox.  The  zygomatic  arches  have  a  leas  outward  span 
than  in  the  Camivora.  In  this  part  of  the  cranial  strncture 
Pliolophvs  resembles  PalcEotherium  more  than  it  does  any 
existing  Mammal ;  but  the  post-frontal  processes  are  longer 
and  more  inclined  backward.  The  incompleteness  of  the 
orhit  occurs  in  both  Aiioploiherium  and  Palceolheriuvi,  as  in 
Rhinoceros,  Tapims,  and  the  hog  tribe  ;  hut  in  the  extent  of 
the  deficient  rim,  Pliolophva  is  intermediate  between  Palceo- 
therium  and  Tapirua.  The  orhit  is  not  so  low  placed  as  in 
PaUeotherium,  Tapirus,  and  Rhinoceros,  nor  so  high  as  in 
Hyrax  or  8n».  The  straight  upper  contour  of  the  skull 
(7  to  15)  is  like  that  in  the  horse  tribe  and  Hyrax,  and  differs 
from  the  convex  contour  of  the  same  part  in  the  Anoplothere 
and  Pakeothere.  The  size  of  the  antorbital  foramen  (a) 
indicates  no  unusual  development  of  the  muzzle  or  upper  lip. 
In  the  conformation  of  the  nasal  aperture  by  four  bones  {two 
nasals,  ij,  and  two  premoxillaries,  w),  the  Plioloph  resembles 
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the  hoi"se,  liyrax,  bog  tribe,  and  anoplotbere,  and  differs  from 
the  rhinoceros,  tapir,  and  pala^otbere,  which  have  the  maxil- 
laries,  as  well  as  the  nasals  and  premaxillaries,  entering  into 
the  formation  of  the  external  bony  nostriL 

The  ungulate  and  herbivorous  character  of  Pliolophus  is 
most  distinctly  marked  by  the  modifications  of  the  lower  jaw, 
especially  by  the  relative  dimensions  of  the  parts  of  the 
ascending  ramus  which  give  the  extent  of  attachment  of  the 
biting  (temporal)  and  grinding  (masseteric  and  pterygoid) 
muscles  respectively.  In  the  shape  of  the  mandible  Plvo- 
lophics  most  resembles  Tapinis  among  existing,  and  the 
Palceotherium  among  extinct,  Mammals.  As  in  almost  every 
species  of  eocene  quadruped  yet  discovered,  the  Pliolophus 
presents  the  type-dentition  of  the  placental  diphyodont 
series,  viz. — 

.3-3        1-1         4-4  s-s_., 

*8— 3'    ^1  — 1»   /'4— 4»    '"  3— 3  ~  **■ 

These  symbols  signify  that  there  are  3  incisors,  1  canine, 
4  premolars,  and  3  molars,  on  each  side  of  both  upper  and 
lower  jaws,  making  44?  teeth  in  all.  The  **  incisors"  are  the 
teeth  implanted  in  the  premaxillary  bones  (fig.  121, 11),  and  in 
the  opposed  end  of  the  mandible  ;  the  "  canine"  is  the  tooth 
in  the  maxillary  {ib.  %\)  nearest  the  suture  with  »*,  and  the 
opposing  tooth  in  mandible  :  it  is  usually  long  and  pointed. 
The  "premolars"  are  those  teeth,  at  the  fore  part  of  the  grind- 
ing series,  which  succeed  vertically  (fig.  122,  2?  x»»i3i4)»  and 
displace  the  deciduous  or  milk-molars  (t6.,  d  i,  2, 3, 4).  The 
•*  molars"  are  those  at  the  back  part  of  the  grinding  series 
which  succeed  the  milk-molars  and  each  other  horizontally, 
one  behind  another,  without  displacing  any  predecessor  (tJ., 
m  1, 2, 3).  In  all  non-marsupial  mammals — the  majority  of  the 
class — ^which  have  two  sets  of  teeth,  milk  and  pennanent,  the 
several  kinds  do  not  exceed  the  numbers  above  defined  ;  but 
only  one  or  two  genera,  e.g^  Siis  and  Gymnuray  now  l^xhibit 
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the  full  complement ;  thus  in  the  Hyrax  (fig.  122)  the  canines 
are  wantiDg,  and  there  is  but  one  incisor  (i),  which,  however, 

is  of  large  size  in  each  ^   

premaxillary.  In  the 
elephants  the  incisor  he- 
comes  a  tusk  (fig.  147) ;  H 

in  the  Rodents  (fig.  1 65,  i)  ' 

it  acts  as  a  chisel;  in 
the  tapir  the  first  pre- 
molar   is  wanting  (fig.  Hg.  122. 
Ill),  and  other  modifi- 
cations, chiefly  by  defect 
of  number,  are  manifold  among  existing  species.     But  in  the 
earliest  known  placental  mammals  the  type-dentition,  as  foi^ 
mulised  in  Pliolophus,  was  the  rule,  and  has  been  manifested 
in  the  following  : — 


PalaocT/on 

Cori/phodoti 

PaeAynolopAu* 

Lophiolherium 

PliolophvM 

Hyraeotheriutn 

PaUeothfrium  , 

Aru^htherium 

Anchilkerium    . 

IHeAobme 

JCiphcdon 

Dichodmi 

liicrothtriam    . 

Amphitraguliu 

Amphimeryx    . 

DorcathfTTUtti  . 

Ckalicothfrium 

AphtUtlierium 

Anthracothfriw.a 

Hyopotnmu* 


Sables  de  Bracheui  (or  somewhat  older). 

Plostic  clay. 

Calcaire  grossier  moyen. 

Mamea  lacustres  d' Alois  (Ganl). 

London  clay. 

LoDdon  clay. 

Paris  gyps. 

Paris  gyps. 

Lignites  de  la  D6bnige,  prts  Apt. 

Binsteod. 

Lignites  de  In  IWbruge. 

Horiwell. 

Mames  calcaires  lucustres,  Pay  du  Ddme. 

Mames  lacurtrta  en  Velay. 

Lignites  de  D^bruge. 

Miocbne  d'Eppelsheim. 

Miocine  d'Eppelsheim. 

Mamcfi  calcaires  de  Bartheleniy. 

Mamps  mioc^nes  <le  Moissac. 

Binstead  and  Hoidwell. 
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AMhllophu*         . 

.      Culaiirv  grcwsier  dt  Batij,nnjlle*. 

liolArioiloa 

.     Miucine  de  Moiswc 

PalwocAiei-ui    . 

.     Calcain  IauuhIk  de  Coumoii. 

ChuropotaiiiM  . 

Parin  gypsum,  and  BinatewJ. 

Charomaras      . 

Calc^n:  lacuatre,  Sanean. 

Eocunu  (upper  f),  N.  America. 

l/,pj>oh>/us 

.      Mioceue,  Sewalik  HUla. 

ili,,iy>thfrium   . 

.     Miocene  d'Eppelslieim. 

Illpi^rioti 

Manie»  fluviatilM  de  Cucuroo. 

Heteruhyua 

.     Mioct^ne,  Sewalik  Hills. 

EntelodoA 

.     Lignites  de  Soisaonnaia. 

UgmK^on 

PUrodoH 

.     Lijijiiites  de  Diibruge. 

Jrctocffoii 

.     Eocine  inftrieure  k  la  Vers. 

Ualtthi/lax 

■      Pari-)  gJTM. 

AMplikyo,! 

.     Mioc«ne  de  Sanaa:). 

Chotr-jtherium   . 

The  incisors  in  Pliolophus  are  small  aud  equable  (fig.  121 ,  t). 
The  canines  (ti^  c)  are  of  moderate  length,  are  separated  by  a 


Fig.  123. 

True  molare,  upper  j&v  (twica  nat. 

size),  Pliolophtit. 


Fig.  124. 

True  tnolwi,  lower  jaw  (twi 

Dal.  die),  PUdt^M. 


vacant  space  from  the  outer  iDcisors,  and  by  a  longer  interval 
from  the  firet  premolars,  p  i.     The  grinding  teeth  i 
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size  to  the  penultimate  molar  in  the  upper,  and  to  the  last 
molar,  m  3,  in  the  lower  jaw,  which  tooth  has  a  third  lobe. 

In  the  last  premolar  upper  jaw  (fig.  123,  p  4)  the  two  outer 
cones  resemble  those  of  the  true  molars ;  but  there  is  only 
one  inner  cone,  and  the  crown  is  triangular.  A  ridge  is  con- 
tinued from  the  interspace  between  the  anterior  talon  (c),  and 
the  outer  anterior  lobe  obliquely  inward  and  backward  to  the 
inner  lobe,  swelling  into  a  small  tubercle  at  the  middle  of  its 
course. 

The  first  molar  (m  1)  presents  four  low  thick  cones,  two 
internal  and  two  external :  each  external  cone  is  connected 
with  its  opposite  internal  one  by  a  low  ridge,  swelling  into  a 
tubercle  at  the  middle  of  its  oblique  course.  The  second 
molar  (m  2)  is  similar  to,  but  rather  larger  than,  the  first ; 
the  tubercle  on  the  oblique  ridge  connecting  the  two  front 
lobes  is  less  developed.  The  cingulum  is  obliterated  on  the 
inner  side  of  the  posterior  lobe.  The  last  molar  is  rather 
narrower  behind  thtm  m  s  ;  the  tubercle  on  the  anterior  of  the 
oblique  connecting  ridges  is  smaller :  that  on  the  posterior 
ridge  is  almost  obsolete. 

In  the  last  lower  premolar  (fig.  124,^  4)  the  division  and 
development  of  the  anterior  lobe  give  rise  to  a  pair  of  cones, 
one  external  (a),  the  other  internal  (6),  connected  anteriorly 
by  a  basal  ridge,  in  front  of  which  is  the  fore  part  of  the 
cingulum.  The  low  posterior  lobe  (c)  shews  the  rudiment  of 
a  second  internal  cone  (d). 

The  first  lower  molar  (fig.  124,  m  i)  has  a  pair  of  front 
lobes  and  a  pair  of  hind  lobes,  with  an  oblique  ridge  con- 
tinued from  the  postero-intemal  lobe  to  the  interspace  between 
the  front  pair. 

The  second  molar  (m  2)  shews  an  increase  of  size ;  but 
its  chief  and  most  interesting  modification  is  the  development 
of  a  tubercle  (e)  between  the  two  anterior  lobes,  making 
three  cones  on  the  same  transverse  line,  and  thus  repeating  the 
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character  of  tlie  molar  tooth  of  Stereognathus  (fig.  125,  e). 
The  oblique  ridge  from  the  outer  and  hinder  lobe  (c)  abuts 
against  the  intermediate  tubercle  (e).     The  nearest  approach  to 

the  above  dentition  is  made  by  the  extinct 
r-i  Hyracotherium;*  also  a  fossil  from  the  Lon- 
don clay. 

The  third   trochanter    on   the   femur  of 

^  Pliolophus,  and  the  association  of  three  meta- 

tareals  in  one  portion  of  the  matrix,  as  if  be- 

^' aw  (m^i*'^'  /°Jte-  ^o^g^^g  ^^  ^^^  ®^™®  ^^^  f^^  confirm  the 
reognathus    ooli-  perissodactyle    affinities    of    that  genus    as 

tiai8.  ,        1        1     11 

shewn  by  the  skull. 

Pliolvjyhus  and  Hyracothet'ium  form  a  well-marked  section 
of  the  odd-hoofed  herbivores  which  preceded  the  paheotherian 
family  in  time,  and  retained  more  of  the  general  ungulate 
type.  This  is  shewn  by  the  graduation  of  the  tapiroid 
modification  of  the  molar  teeth  into  one  more  nearly  resem- 
bling that  of  the  Anthracothena  and  Chceropotami^  by  the 
absence  of  the  postero-internal  cone  on  the  ultimate  premolar, 
by  which  all  the  premolars  are,  as  in  artiodactyles,  less  com- 
plex than  the  true  molars,  by  the  form  and  position  of  the 
nasal  bones  and  by  the  structure  of  the  external  nostril. 

Oenm  LoPHiODON,  Cuv. — In  the  year  1800  Cuvierf  first 
announced  the  discovery  of  the  fossil  remains  of  a  quadruped 
allied  to  and  of  the  size  of  the  tapir,  in  the  lacustrine  deposits 
of  the  ^fontagne  Noir,  near  Issel,  department  of  Aude  in 
Languedoc.  The  outer  incisor  of  the  lower  jaw  was  shortened 
to  give  room  to  the  longer  corresponding  incisor  above,  as  in 
the  tapir ;  the  canines  ofifered  the  same  proportional  develop- 
ment ;  but  the  three  premolars  of  the  lower  jaw  presented  a 
more  simple  structure,  having  the  crown  compressed,  and 
forming  two  cones,  the  front  one  being  the  largest ; — in  short, 

•  Hist.  Brit.  Fo88.  Mamm.,  p.  419,  figs.  166,  166. 
f  Bulletin  des  Sciences^  Paris,  Nivose,  an.  viii..  No.  34. 


a  structure,  the  type  of  which  ia  presented  only  by  the  first  of 
the  three  premolars  (fig.  139,^  i)  in  the  genus  Tapirus. 

Years  elapsed  ere  Cuvier  obtained  clear  evidence  of  the 
structure  of  the  upper  molars  of  this  new  fossil  Mammal. 
Such  detached  teeth  as  had  been  obtained  from  the  fresh- 
water formations  near  Issel  were  referred,  owing  to  the  way 
in  which  they  departed  from  the  type  of  the  upper  molar 
teeth  of  the  Tapir,  to  the  genus  Rhinoceros.  This  fact  is 
indicative  of  the  annectaot  affinities  of  the  Lophiodon  in  the 
perissodactyle  series.  Besides  the  character  of  form,  the 
upper  molar  series  of  Lophiodon  differs,  like  the  lower  one, 
from  that  in  Tapirua,  in  the  greater  simplicity  of  the  last  two 
premolars ;  these  teeth  have  a  single  cone  on  the  inner  side 
in  Lophiodon;  they  have  there  two  cones  in  Tapirus  (fig.  139, 
P  3  and  4  forming  the  inner  terminations  of  two  transverse 
ridges,  as  in  the  true  molars.  By  the  modifications  of  these 
teeth,  Lophiodon  indicates  the  transition  te  the  Rhinoceros 
type,  towards  which  the  Palteotherium  offers  the  next  step. 

6mus  PALiSOTHERTOM,  Cuv. — This  extinct  genus  of  quad- 


Fig,  136. 
BestoratioD  of  the  Ftilaothenuta  (Eocene  Oyps). 

ruped  was  restored  (iig.  126)  by  Cuvier  through  a  series  of 
admirable  inductions,  ultimately  verified  by  the  discovery  of 
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a  nearly  complete  skeletrin.     The  fossils  have  been  obtained 
chiefly  from  the  upper  eoceue  gypseous  formation  at  Mont- 
raartre  and  other  parts  of  France.     Though  the  molar  teeth  of 
Palwotherium  (fig.  127)  resemble  in  shape  and  the  pattern 
of  the  grinding  surface  those 
I  of  the  rhinoceros  (fig,  148), 
I  the   entire    dentition   in  the 
number,    kind,    and    general 
arrangement    of    the    t«eth, 
agrees  with  that  of  PliolopkuA 
The  skuU  affords  indications 
that  the  Paleeothere  possessed 
a    short    proboscis.      It  had 
Fig.  127.  three  toes  on  each  foot,  each 

Vpper mo]M. ^otherium ma^tiM  terminated  by  a  hoof;  the 
middle  one  being  the  largest 
The  femur  had  a  third  trochanter,  and  the  dorso-lumbu  verte- 
bne  were  21  in  number.  Several  species  of  Palaolherium 
have  been  determined,  rangit^  from  the  size  of  a  sheep  (P. 
curtum)  to  that  of  a  horse  (P.  magnum).  Fig.  1 27  gives  the 
grinding  surface  of  an  upper  molar  of  this  species  from  the 
upper  eocene  of  the  Bembridge  beds,  lale  of  Wight  The 
crown  is  divided  into  an  anterior  (/,  h,  d)  and  posterior  (/,  a,  c) 
part  by  an  oblique  fissure  («),  continued  from  near  the  middle 
of  the  inner  surface  of  the  crown  obliquely  across  two- 
thirds  of  the  tooth.  Each  division  is  subdivided  partially 
into  outer  (a,  b)  and  inner  (c,  d)  lobes;  the  ant€rior  division, 
by  the  terminal  expansion  (i)  of  the  fissure  (e),  the  posterior 
one  by  the  fissure  (j).  The  lobes  (c  and  d)  are  bordered  near 
their  base  by  a  ridge.  This  is  the  type  of  grinding  surface, 
on  which  are  superinduced  the  modifications  of  that  surface 
in  the  upper  molars  of  the  rhinoceros  and  hors&  The  dental 
formula  of  PalcEotherium  is  i  ^,  c  J^J.  P  S'  "i  ^=**-  The 
s  exceed  in  length  the  other  teeth,  and  there  are  oon- 
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sequently  vacancies  in  the  dental  series  for  the  lodgment  of 
the  crowns  of  the  canines  when  the  mouth  is  shut 

Genus  Anoplotheeium,  Cuv. — With  the  same  dental  for- 
mula as  in  Palaotherium,  the  present  genus,  like  Liehodon  (fig. 
130)  has  no  interval  iu  the  series  of  teeth;  neither  the  canine 
nor  any  other  tooth  rising  above  the  general  level.     The  grind- 
ing surface  of  the  molar  teeth  somewhat 
resembles  and  prefigures  the  ruminant 
type ;  in  the  upper  jaw  the  crown  (fig. 
128)  is  divided  into  a  front  (/,  c)  and  a  j 
back  (/,  d)  part  by  a  valley  (e)  extending 
two  thirds  across.     A  second  valley  (gi) 
crosses  its  termination  at  right  angles 


forming  a   curved  depression  in   each  ^^^^  ^^,^^    An^^cthc- 
division,  which  it  thus  subdivides  into     ""^  wmmun*  (Eocene 


tig.  128. 

two  lobes,  concave  towards  the  outer 
side  of  the  tooth.  There  is  a  large  tubercle  (m)  at  the  wide 
entry  of  the  valley  («).  The  Anoplothere  (fig.  129)  was  of  a 
lighter  and  more  el^nt  form  than  the  Palseothere:  its  limbs 
terminated  each  in  two  digits,  with  the  metapodial  bones 
distinct,  and  the  last  phalanx  hoofed.    Some  transitory  cha- 


Fig.  129. 
Bestoration  of  the  AnoplothtTivm 

meters  of  the  embryo  ruminant  were  retained  throughout  life 
by  the  Anoplothere.    The  species  restored  in  fig.  1 29  was  about 
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tlie  size  of  a  faUow-ileer :  it  liad  a  long  and  strong  tail,  and 

was  probably  of  aquatic  habits.     Smaller  and  more  delicate 

species   of    Anoplo- 

therioids  from  upper 

.    eocene    strata    have 

«   been  referred  to  dis- 

B   tinct  genera  by  later 

I    palieontologists.  The 

^  researches  of  Baron 

d    6    Cuvier,     which     re- 

'"  -I    suited  in  the  restora- 

■*  -g    tion  of  the  Palaothe- 

^    rium    and    Anaplo- 

"z   iherium,  are  the  most 

.1   instructive  which  the 

I    [>aheontologist     can 

study.      They   form 

the  third  volume  of 

the  4to  edition  of  the 

"Eecherchea  sur  lea 

'  Ossemens   Fossiles," 

'i  4to,  1822-5. 

Oenm  BicHODOH, 
Ow. — The  upper  eo- 
cene beds  of  Hamp- 
shire have  yielded 
evidence  of  an  ex- 
tinct form  of  even- 
'  toed      (artiodactyle) 

hoofed     quadruped, 
most  interesting  as  a 
transitional  form  be- 
tween the  Anoplotherioids  and  the  tnie  Ruminants.    Like 
the  Anoptotherium  the  dental  series  is  continuous,  without 
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break — a  character  which  is  only  manifested  by  mankind 
among  existing  Mammals — the  crowns  of  the  teeth,  in  Dicho- 
doTiy  being  all  of  nearly  equal  height,  as  they  are  in  man. 
On  each  side  of  both  upper  and  lower  jaws  there  are  in  the 
Didvodon  (fig.  130)  three  incisors  (*,  i,  2, 3),  one  canine  (c),  four 
premolars  Q?,  i,  *,  3, 4),  and  three  true  molars  (m  i,  2, 3) — in  all 
forty-four  teeth,  constituting  the  typical  diphyodont  dentition 
which  so  many  mammalian  genera,  on  their  first .  appearance 
in  the  eocene  strata,  exhibit.     It  is  formulized  as  follows  : — 

^  1^  ^  ri'P  S»  ^  I^  ^  ^*'  Fi^noi  the  first  incisor  to  the  third 
premolar  the  teeth  have  a  more  or  less  trenchant  crown.  The 
back  of  the  third  premolar  {jp  3)  and  all  the  fourth  premolar 
(j)  4),  shew  the  crushing  form  of  crown  ;  the  pattern  of  which 
in  the  true  molars,  after  the  wearing  down  of  the  first  sharp 
cusps,  produces  the  double  crescentic  lines  of  enamel  which 
are  now  peculiar  to  the  Buminants  amongst  hoofed  quadrupeds. 
The  first  (p  i),  second  {p  2),  and  third  (jp  3)  premolars  have 
their  crown  much  extended  from  before  backwards,  with  three 
progressively  more  developed  and  pointed  compressed  cusps 
on  the  same  line :  to  which  is  added,  in  the  upper  jaw,  an 
inner  ridge,  developed  in  the  third  premolar  {j>  3)  into  an 
inner  posterior  cusp.  The  fourth  premolar  {jp  4)  has  a  thicker 
and  shoi-ter  crown  with  two  pairs  of  cusps.  The  upper  true 
molars  (m  i,  2, 3)  have  the  two  pairs  of  cusps  sharp  and  pointed, 
with  a  series  of  five  low  accessory  points  developed  from  the 
outer  part  of  the  cingulum.  The  lower  molars  (m  i,  2, 3)  have 
as  complex  crowns  as  the  upper  ones,  but  with  the  accessory 
basal  points  (a,  6,  c,  e)  developed  from  the  inner,  instead  of  the 
outer  side  of  the  crown,  and  with  the  convex  sides  of  the 
chief  cusps  turned  in  the  opposite  direction  to  those  above. 
At  the  upper  part  of  fig.  180  the  outer  side  of  the  true  molars, 
of  the  last  premolar,  of  the  canine,  and  of  the  incisors,  is  shewn, 
together  with  the  grinding  surface  of  the  three  anterior  pre- 
molars in  the  upper  jaw.     Below  these  the  inner  surface  of 

2  B 


;i70  PALi*:ONTOLOGY. 

tlie  entire  series  of  the  lower  teeth  is  shewn,  together  with  the 
finding  surface  of  the  thi-ee  true  molars,  the  last  of  which 
{vi  3)  here  supports  a  third  pair  of  lobes  (e).    As  compared 

«with  the  anoplotherian  molar  (fig.  128),  the 
^   out€r  lobes  (a,  b)  of  that  of  the  Dichodon  (fig. 
^   131)  are  thicker  and  sharper ;  the  inner  ones 
777  (c,  d) — especially  the  latter — are  developed  to 

TppeT  molar  of    ^^  equality  with  the  outer  ones,  and  more  dis- 

bicftodon.  tinctly  separated  from  them.  The  valley  (m) 
extends  across  the  w^hole  breadth  of  the  tooth,  and  is  crossed 
at  right  angles  by  the  fore-and-aft  doubly-curved  valley  (fjf 
and  t).  The  extinct  species  shewing  the  above  characters,  and 
on  which  the  genus  was  founded,*  was  nearly  the  size  of  a 
fallow  deer :  it  is  called  DicJiodon  cuspidabiSy  in  reference  to 
the  number  of  sharp  points  on  the  unworn  molars.  The 
dentition  indicates  that  its  food  may  have  been  of  a  peculiar 
character,  perhaps  not  exclusively  of  a  vegetable  nature. 

In  the  same  upper  eocene  formation  of  Hampshire  have 
been  found  instructive  examples  of  some  smaller  members  of 
the  extinct  anoplotherioid  family. 

Gemis  XiPHODON. — The  genus  Xiphodon  was  indicated, 
and  its  name  proposed,  by  Cuvier,  for  a  small  and  delicate, 
long  and  slender-limbed,  anoplotherian  animal,  which,  in 
his  first  Memoir  {Annales  du  MusSum^  tom.  iiL,  p.  55,  1803), 
he  had  called  Anoplotherium  medium;  but  he  altered  the 
name,  in  the  second  4to  edition  of  the  Ossemens  FossUes  (tom. 
iii.,  pp.  69  and  251,  1822),  to  that  of  Anoplotherium  graciU. 

The  distinction  indicated  by  Cuvier  is  now  accepted  by 
palaeontologists  as  a  generic  one,  and  a  second  species  {Xipho-y 
don  Geylensis)  has  been  added  by  M.  Gervais  {Pal^ontographie 
Frangaisey  4to,  1845,  p.  90)  to  the  type-species,  Xiphodon 
gracilis,  of  which  he  figures  an  instructive  portion  of  the 
dental  series  of  both  jaws,  obtained  from  the  lignites  of.  D^ 

*  Quarterly  Journal  of  the  Geological  Society,  tom.  iv.,  1847,  p.  36,  pi.  4. 
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bruge   near  Apt     The  dental  fonnula  of  Xiphodoii  is  the 
typical  one,  viz.— i  1^,  c  |5j,  p  ^,  m  ^  =  44. 

The  teeth  are  arranged  in  a  continuous  series  in  both  jaws. 
The  canines  and  first  three  premolars  have  the  crowns  more 
extended  antero-posteriorly,  lower,  thinner  transversely,  and 
more  trenchant,  than  in  the  type  Anoplotheria  (whence  the 
name  XipJiodon^  or  sword-tooth).  The  feet  are  didactyle, 
with  metacarpals  and  metatarsals  distinct.  The  tail  is  short. 
The  lower  true  molars  have  two  pairs  of  crescentic  lobes  with 
the  convexity  turned  outwards.  It  was  nearly  allied  to 
Dickodon. 

Oenvs  DiCflOBUNE. — ^The  genus  Dichobune  was  proposed  by 
Cuvier,  in  the  second  edition  of  his  Ossemens  Fossiles,  4to,  tom. 
iiL,  1822,  p.  64,  for  the  Anoplotfierium  miwiis  of  the  original 
Memoir  in  the  Annates  du  MvsSumy  torn,  iii.,  1803,  and  for 
the  A.  IqpOTinum  of  the  4to  edition,  1822,  tom.  i.,  pi.  2,  fig.  3  ; 
and  tom.  iii.,  pp.  70  and  251.  It  is  closely  allied  to  the  ano- 
plotherioid  genus  Xiphodon ;  the  dental  formula  is  the  same, 
only  there  is  a  slight  interval  between  the  canine  and  the  first 
premolar  in  both  jaws  ;  the  first  three  premolars  are  subcom- 
pressed,  subtrenchant,  but  less  elongated  from  behind  forwards 
than  in  Xiphodon^  Besides  the  two  normally-developed  and 
functional  digits  on  each  foot,  there  may  be  one,  sometimes 
two,  small  supplemental  digits. 

A  species  of  this  genus  (Dichobune  ovinay  Ow.)  has  been 
founded  upon  an  almost  entire  lower  jaw  with  the  permanent 
dental  series,  which  now  forms  part  of  the  palseontological 
collection  in  the  British  Museum.  It  is  from  Hampshire 
upper  eocene. 

Oenus  MiCROTHERiUM. — Entire  crania  of  Microtheriuw^ 
from  the  lacustrine  calcareous  marls  of  the  Puy-de-D6me,  are 
in  the  British  Museum :  they  shew  that  the  hinder  division 
of  the  upper  true  molars  is  complicated  by  the  additional 
(third)  cusp.     The  Microthere  did  not  exceed  in  size  the 
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delicate  clievrotuina  of  Java  and  otlier  Iiido-Arcliipelagic 
islands — e.g.,  Troffuhts  kanchil — yet,  like  the  larger  ADoplo- 
therioids,  it  differed  from  the  tnie  Eumiuants  of  the  present 
day,  and  adhered  to  the  more  general  niammalian  type,  by 
the  complete  series  of  incisors. 

The  affinity  of  the  microtheres  to  the  chevrotaius  is,  never- 
theless, very  close.     Let  the  foniiative  force  be  transferred 
from  the  small  npper  incisors  to  the  contiguous  canines,  and 
the  transition  would  be  effected,     Tlie  ruminant  stomach  is 
simplified,  in  Traffiiltin,  by  the  suppression  of  the  psalteriuni 
or  third  bag.     Tlie  stomach  of  the  small  Anoplotherioids, 
whilst  preserving  a  certain  degree  of  complexity,  might  have 
been  somewhat  more  simplified.     The   certain   information 
which  the  grailations  of  dentition  displayed  by  the  above- 
cited  extinct  species  impart,  testifies  to  the  artificial  character 
of  the  order  Ruminantia  of  the  modern  systems,  and  to  the 
natural  character  of  that  wider  group  of  even-toed  hoofed, 
animals  for  which  has  been  proposed  the  term  ARTiODACXyiA,* 
Genus  Hy^nodok,  Laiz. — With  the  delicate  and  beautiful 
Herbivora  of  the  npiwr  eocene  and  lower  miocene  periods, 
there  coexisted  carnivorous  quadrupeds,  which,  to  judge  by 
the  character  of  their  flesh-cutting  teeth  (camassials),  werw 
f       more    fell    and 
deadly  in  their 
,   destructive  task 
than        modem 
wolves  or  tigers. 
Of  these  extinct 
Camivora  a  spe- 
'«  '"  des  of  the  re- 

Deiitiiion,  lower  JBw,  ol  HwkiioiIok.  ,    ,  , 

markable  genus 

Hycmodon,  of  about  the  size  of  a  leopard,  has  left  its  re- 
mains in  the  upper  eocene  of  Hordwell,  Hampshire.    Fig.  132 

*  Qiiart«r1j  Jonrnal  of  (lie  Geotogicnl  Society,  to),  ir,,  1847. 
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sbews  the  dentition  of  the  under  jaw  of  another  species 
of  the  same  genus  from  miocene  beds  at  B^bruge  and  Alais, 
France.  The  camassial  teeth  (m,  i.  >,  3),  instead  of  being  one 
in  number  in  each  ramus  of  the  jaw,  as  in  modem  Felines, 
were  three  in  number,  equally  adapted,  by  their  trenchant 
shape,  to  work  like  scissor-blades  on  the  teeth  of  the  upper 
jaw,  in  the  act  of  cutting  flesh.  After  the  small  incisors  came 
a  pair  of  large  piercing  and  prehensile  canines  (c),  followed 
by  four  compressed  pointed  and  trenchant  pi'emolars  (p  i,  1, 3, 4) 
in  each  side  of  the  jaw ;  the  whole  of  this  carnivorous  denti- 
tion conforming  to  the  diphyodont  type  : — 

^H-  '^ri-  Pi^'  ™B  =  **- 

Oenus  Amphicyon. — With  the  foregoing  predecessor  of  the 
digitigrade  Camivora  was  associated  a  forerunner  of  the  plan- 
tigrade    family, 
viz.,  a  large  ex- 
tinct      species, 
having  the  mo- 
lars tuberculated 
after  the  pattern 
of  those  of  the 
bears  ;    but    re- 
taining, like  Hy-  Fig.  133. 
tenodon,  the  per-                   DsnHtion,  opper  j»w,  o!  Amphicson. 

feet  type  of  diphyodont  dentition.  Fig.  133  sbews  the  teeth 
of  one  side  of  the  upper  jaw  of  the  Amphicyon  giganteus. 
The  first  and  secoud  molars  {m,  1  and  1)  have  each  two 
tubercles  on  the  outer  side  and  one  on  the  inner  side ;  the 
last  tubercular  molar  (m,  3)  is  of  very  small  size.  Fossil  re- 
mains of  Ampli/icyon  have  been  found  principally  in  the  mio- 
cene deposits  at  Sansans,  south  of  France.  Those  of  a  smaller 
species  from  the  miocene  at  Eppelsheim,  have  been  referred 
to  the  wolverine  genus,  as  Gulo  diaphomn,  Kanp. 
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The  proofs  of  the  abundant  mammalian  inhabitants  of  the 
eocene  continent  were  first  obtained  by  Cuvier  from  the  fos- 
silized remains  in  the  deposits  that  fill  the  enonnous  Parisian 
excavation  of  the  chalk.  But  the  forms  which  that  great 
anatomist  restored  were  all  new  and  strange,  specifically,  and 
for  the  most  part  genetically,  distinct  from  all  known  existing 
quadrupeds.  By  these  restorations  the  naturalist  was  first 
made  acquainted  with  the  aquatic  cloven-hoofed  Anoplothere, 
and  with  its  light  and  graceful  congeners,  the  Dichobunes 
and  Xiphodon,  with  the  great  Palceotheres,  which  may  be 
likened  to  hornless  rhinoceroses,  with  the  more  tapiroid 
Lophiodon,  with  the  large  peccari-like  Chceropotamus,  and 
with  about  a  score  of  other  genera  and  species  of  placental 
Mammalia. 

Almost  the  sole  exception  to  the  generic  distinction  of 
these  eocene  forms  from  modern  ones  was  yielded  by  the 
opossum  of  Montmartre  {Didelphis  Ch/psorum,  fig.  134)  ;  and 
what  made  this  discovery  the  more  remarkable  was  the  fact 
that  all  the  known  existing  species  of  that  marsupial  genus 
are  now  confined  to  America^  and  the  greater  part  to  the 
southern  division  of  that  continent  An  opossum  appears 
to  have  been  associated  with  the  Hyracotherium  in  the 
eocene  sand  of  Sufiblk  ;  where  likewise,  a  porcine  beast  with 
tusks  like  ordinary  canines  (Chosropotamus\  and  some  remains 
of  a  monkey  {EopUhecfiis),  have  been  found.  With  respect  to 
the  Diddphia  Gypsorurriy  its  generic  relations  were  deduced 
from  characters  of  the  lower  jaw  and  teeth  ;  but  these  were 
associated  with  other  parts  of  the  skeleton  in  the  same  block 
of  stone.  Wlien  Cuvier  expressed  Ids  convictions  of  the 
opossum-nature  of  the  fossil  from  the  parts  first  examined, 
his  scientific  associates  were  incredulous.  He  invited  them, 
therefore,  to  witness  a  crucial  test.  On  the  slab  containing 
the  jaws  and  teeth,  the  outline  of  the  back  part  of  the  pelvis 
was  also  exposed,  the  fore  part  being  buried  in  the  matrix. 
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By  his  delicate  use  of  the  graving-tool,  Cuvier  brought  to 
light  that  part  with  the  two  marsupial  bones  (fig.  134,  a,  a) 
ia  their  natural  position.  He  thus  demonstrated  that  there 
had  heen  buried  in  the  soft  fresh-water  deposits,  hardened  in 
after  ages  into  the  building-  —    - 

atone  of  Farie,  an  animal 
whose  genus  at  the  present 
day  is  peculiar  to  America. 
It  is  not  uninteresting  to  re- 
mark that  the  Feccari,  the 
nearest  existing  ally  to  the 
old  Chceropotamus,  is,  like 
the  opossum,  now  peculiar 
to  America ;  and  that  two 
species  of  tapir,  the  nearest 
living  allies  to  the  Lophi- 
odon  and  Palteotbere,  exi»t 
in  South  America.  jjg  134 

The  marine  deposits  of     PeUis  and  maraupinl  bonea  o(  Didtfyhii 

the  miocene  epoch  shew  the  ""P"*^  <'^'"''  ^'™^- 

remains  of  extinct  genera  of  dolphins  {Ziphiua  and  DioplodoTi) 
and  of  whales  (BalceTwdon).     Petrified  cetaceous  teeth  and 
ear-bones,  called  "cetotolitea"  (fig.  135)  have  been  washed 
out  of  previous  strata  into  the 
red   cr^   of   Suffolk.     These 
fossils  belong  to  species  dis- 
tinct from  any  known  existing  \ 
Cetacea,  and  which,  probably,  _. 

like  some   contemporary  quad-  Cetotolite  nr  foM.n  ear-bone  otBaltrno- 

rupeds,  retained  fiiUy-developed     '^  ff*^"*  C-^  ^"^^  ^"^■'^^^■ 
characters  which  are  embrj'onic  and  transitory  inexistini,'  cog- 
nate Mammals.     The  teeth  of  these  Cetacea  were  determined 
in  1840,  the  ear-bones  in  1843.     Tlie  vast  nnmlTcre  of  these 
fossils,  and  the  proportion  of  phosphate  of  lime  in   thorn, 
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led  Professor  Heoslow*  to  call  the  attention  of  agricultural 
chemists  to  the  red  crag  as  a  deposit  of  valuable  manure. 
Since  that  period  it  has  yielded  a  large  supply,  worth  many 
thousand  pounds  annually,  of  the  superphosphates.  The 
red  crag  is  found  in  patches  from  Walton-on-Naze,  Essex, 
to  Aldbro',  Suffolk,  extending  from  the  shore  to  5  or  15 
miles  and  more  inland.  It  averages  in  thickness  10  feet, 
but  is  in  some  places  40  feet.  Broken-up  septarian  nodules 
form  a  rude  flooring  to  the  crag,  left  by  the  washing  off 
of  the  London  clay,  and  called  "rough  stone."  The  phos- 
phatic  fossils,  or  "  cops"  as  they  are  now  locally  termed,  occur 
in  greatest  abundance  immediately  above  the  **  rough-stone." 
Thousands  of  cubic  acres  of  earlier  strata  must  have  been 
broken  up  to  furnish  the  cetacean  nodules  of  the  "  red  crag." 
This  is  a  striking  instance  of  the  profitable  results  of  a  seem- 
ingly most  unpromising  discovery  in  pure  science, — the  deter- 
mination of  what  in  1840  was  regarded  as  a  rare,  unique,  and 
most  problematical  British  fossiLt 

Our  knowledge  of  the  progression  of  mammalian  life 
during  the  miocene  period  is  derived  chiefly  from  continental 
fossils.  These  teach  us  that  one  or  two  of  the  generic  forms 
most  frequent  in  the  older  tertiary  strata  still  lingered  on  the 
earth,  but  that  the  rest  of  the  eocene  Mammalia  had  been 
superseded  by  new  forms,  some  of  which  present  characters 
intermediate  between  those  of  eocene  and  those  of  pliocene 
genera.  TTie  Dinotherium  and  narrow-toothed  Mastodon^  for 
example,  diminish  the  interval  between  the  Lophiodon  and  the 
elephant ;  the  Anthracotherium  and  HippohytiSy  that  between 
Chosropotamus  and  Hippopotamus;  the  Acerotherium  was  a 
link  connecting  Palceotheritim  with  Rhinoceros;  the  Hippo- 
theriimi  linked  on  Paloplotherium  with  Eqwus, 

One  of  the  most  extraordinary  of  the  extinct  fonns  of  the 

•  ProceedingB,  and  Quart.  Jour.  Geol.  Soc.,  1843. 
f  Historj  of  British  Fosnil  Mammals,  8vo,  p.  536. 
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cetaceous  order  lias  been  restored  from  fossil  remains  dis- 
covered in  formations  of  the  uiioceiie  age  in  Europe  and  North 
America.  The  teeth  of  this  carnivorous  whale,  for  which  the 
generic  name  Zeuglod&n.  seems  now  to  be  generally  accepted, 
were  first  described  and  figured  by  the  mediseval  paljeontolo- 
gist  Scilla,  in  his  treatise  entitled  J)e  Corporibus  Marinis 
{4to,  17*7,  tab.  xii,  fig.  1),  and  have  since  given  rise  to 
various  interpretations.  The  originals  were  obtained  from 
the  miocene  strata  at  Malta,  and  are  now  preserved  in  the 
Woodwardian  museum  at  Cambridge. 

The   remains  of  a  gigantic  species  of  the  same   genus, 
discovered  in  miocene  formations  of  Arkansas,  Mississippi, 
were  described  and  figured  by  Harlan  as  those  of  a  rep- 
tile, under  the  name  of  BasUosaum^.*    Teeth  of  a  smaller 
species,  discovered  byM. 
Giatelonp,  in   miocene 
beds  of  the  Gironde  and 
Herault,  were   ascribed 
by  him  also  to  a  reptile, 
under  the  name  oiSqua- 
lodon.^      In    1839    Dr. 
Harlan  brought  over  his 
specimens  of  BasUosau- 
rus  to  London,  and  sub- 
mitted     them      to     the    D,ci,I>io>i.  .nd  peSnenUee.h  of  .he  £««- 
writer's   inspection,   by  hdott. 

whom  they  were  determined  to  be  mammalian  and  cetaceous. 
The  entire  skeleton  has  since  been  obtained  from  miocene 
deposits  in  Alabama,  revealing  a  length  of  body  of  about  70 
feet.  The  skull  is  very  long  and  narrow  ;  the  nostril  single, 
with  an  upward  aspect,  above  and  near  tlic  orbits.  The  jaws 
are   armed   with   teeth   of  two  kinds,   set  wide  apart ;  the 

*  Medicnl  and  Phj*ical  Rcsearrhoii,  p.  333. 
t  Act.  Soc.  Linn,  de  Bordesuit,  1840,  p.  201. 
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auteriur  teetli  have  subcoiupressed,  conical,  slightly-recurved, 
(iharp-puiuted  cifwiin,  and  are  implanted  by  a  single  root ; 
the  posterior  teeth  ai-e  larger,  with  more  compressed  and 
longitudinally  extended  crowns  (fig.  136),  conical,  but  with  a 
more  obtuse  point,  aud  with  both  front  and  hind  bordeis 
strongly  notched  or  serrate  The  crown  is  contracted  from 
side  to  side  in  the  middle  of  its  base,  so  as  to  give  its  trans- 
verse section  an  hour-glaas  form  (fig.  137),  and  the  opposite 
J  wide      longitu- 

dinal grooves 
which  produce 
I  this  form  be- 
come deeper  as 
the  crown  ap- 
proaches       the 

^K-  '^'-  socket,      where 

Tr-ni.ven««ectionof»too.hoftheZ«<sfoJo«.   N...  .i«.  ^^^^    ^^    ^^ 

divide  the  root  into  two  fangs.  The  name  Zevglodon  O'oke- 
tooth)  i-efei'S  to  this  structure.  The  mode  of  succession  of 
the  teeth  in  this  genus  conforms  to  the  general  mammalian 
type  more  than  does  that  of  any  of  the  existing  carnivorous 
Cetaceans.  In  the  figure  given  by  Dr.  Cams*  of  a  portion  of 
the  jaw  of  Zeutjlodon  cetoides,  a  deciduous  molar  (fig.  136,  a) 
is  about  to  be  displaced  and  succeeded,  vertically,  by  a  second 
lai^ger  molar.  This  mode  of  succession  is  not  known  in  the 
Platanista  or  Inia,  which  among  existing  true  Cetacea  present 
teeth  most  like  those  of  Zevglodon  ;  but  it  is  a  mode  of  suc- 
cession and  displacement  affecting  certain  teeth  in  the  her- 
bivorous Cetacea,  or  Sirenia ;  and  we  thus  seem  to  have  in  the 
Zeuglodon  another  of  those  numerous  instances  of  a  more  gene- 
ralized character  of  organization  in  older  teitiary  Mammalia. 
In  systematic  characters,  Zeuglodon  typifies  a  distinct  family 
or  group,  intermediate  between  Cetacea  proper  and  Sirenia. 
•  Nov«  Acts  C**,  Leop,  Carol.,  vol.  isii.,  lab.  itxix.  B,  fig.  a,  p.  340. 
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Of  the  latter  family  or  order,  however,  represented  at  the 
present  day  by  the  Dugongs  and  Manatees,  there  wer6 
abundant  and  more  widely  distributed  representatives  during 
the  miocene  period,  having,  upon  the  whole,  the  nearest 
af&nity  with  the  existing  African  Manatee  {Manatus  Senegor 
leim8)y  but  with  associated  characters  of  the  Dugong  (Halicoi'e). 
There  were,  e.g.y  two  incisive  tusks  in  the  upper  jaw,  and  four 
or  five  small  incisors  along  the  deflected  part  of  each  ramus  of 
the  lower  jaw.  The  upper  molars,  with  three  roots,  were 
thickly  enamelled,  like  those  of  the  Manatee,  but  with  a  pat- 
tern of  grinding  surface  which  led  Cwrier  to  attribute  detached 
specimens  to  a  small  species  of  Hippopotamus,  The  lower 
molars  had  two  roots.  All  the  bones  have  the  dense  or  solid 
structure  of  those  of  the  Sirmia,  On  the  remains  of  this 
remarkable  amphibious  Mammal,  discovered  in  the  miocene 
beds  at  Eppelsheim,  Kaup  founded  the  genus  HaHtherium. 
Other  remains  have  been  discovered  in  Piedmont,  Ast^,  and 
many  parts  of  France,  from  the  "calcaire  grossier"  of  the 
Gironde,  containing  Lophiodont  fossils,  up  to  the  pliocene 
near  Montpellier ;  at  which  period  the  Halithtrium  seems  to 
have  become  extinct. 

Oenvs  Macbothebium,  Lartei — ^The  edentate  order,  which 
is  so  abundantly  and  variously  represented  in  South  America, 
which  has  its  Orycteropes  and  Pangolins  in  Africa,  and  its 
Manises  in  tropical  Asia,  has  no  living  representative  in 
Europe.  Perhaps  the  most  unexpected  form  of  Mammal  to 
be  revealed  by  fossil  remains  from  European  tertiary  deposits, 
after  a  Marsupial,  was  a  member  of  the  edentate  order. 
Cuvier,  by  w^hom  the  evidence  of  this  extinct  animal  was  first 
made  known,  prefaces  his  description  of  the  single  mutilated 
phalangeal  bone,  on  which  that  evidence  was  founded,  by  the 
remark,  that  "nothing  proves  better  the  importance  of  the 
laws  of  comparative  osteology  than  all  the  consequences  which 
one  may  legitimately  draw  from  a  single  fragment." 
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The  single  mutilated  ungual  phalanx  on  which  Cuvier 
based  his  conclusions  in  regard  to  the  species  in  question  wa§ 
discovered,  associated  with  remains  of  BhinoceroSy  Mastodoriy 
DiTwtheHum^  and  Tapir,  in  a  formation  near  Eppelsheim, 
Hesse-Darmstadt,  which  is  now  determined  to  belong  to  the 
miocene  division  of  the  tertiary  series.  This  phalanx  shews 
two  distinctive  characters  of  the  edentate  order : — \st,  Its 
posterior  surface  for  articulation  with  the  antepenultimate 
phalanx  is  a  double  pulley,  hollowed  out  on  each  side,  with  a 
salient  crest  between,  constituting  the  firm  kind  of  ginglymoid 
joint  peculiar  to  certain  Edentata;  2d,  The  concave  arch 
formed  by  that  pulley  curves  furthest  backward  at  its  upper 
part,  which  would  prevent  the  claw  being  retracted  upward, 
as  in  the  cat  tribe,  and  constrain  the  flexion  downward — con- 
sequently the  phalanx  must  have  belonged  to  an  edentate 
quadruped*  To  the  foregoing  characters  are  joined  two 
others  which  Cuvier  believed  to  determine  the  genus.  The 
species  of  Myniiecopliaga  have  on  the  upper  part  of  the 
pointed  end  of  the  claw-phalanx  a  groove,  indicative  of  a 
disposition  to  bifurcate  ;  in  the  species  of  Manis  the  bifurca- 
tion is  complete,  the  cleft  extending  as  far  as  the  middle 
of  the  claw-bone :  so  likewise  in  this  fossil.  The  Pan- 
golins (Manis)  have  not  those  bony  sheatlis  which,  in  the 
sloths,  some  ant-eaters  and  armadillos,  rise  from  the  base  and 
cover  the  root  of  the  claw ;  there  was  a  like  absence  of  any 
claw-sheath  in  the  fossil.  Thus  the  fossil  claw-bone  has  no 
homologue  in  existing  nature  save  those  of  the  Manis ;  and, 
"  according  to  all  the  laws  of  co-existence,  it  is  impossible  to 
doubt  that  the  most  marked  relations  of  the  animal  that  bore  it 
should  have  been  with  that  genus  of  quadrupeds.'*t  But  what 
must  have  been  its  size  ?  The  phalanx  was  not  one  of  the 
largest  on  the  foot — for  it  had  not  those  slight  raised  borders 

•  "  AinRi  c'ent  nece.ssairement  un  ongu6al  d*edent6." — Ossemens  FosbiIcr, 
4to,  t.  v.,  pt.  i.,  p.  193.  t  Ossemens  Fossiles,  4to,  t.  v.,  pt.  i.,  p.  194. 
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which  one  sees  in  the  large  claw-bones  of  the  Pangolins.  This 
question  Cuvier  answered,  by  the  proportions  of  the  short- 
tailed  Manis,  as  being  not  less  than  24?  French  feet :  but  more 
moderate  dimensions  are  indicated  by  certain  other  bones  of 
the  skeleton  subsequently  discovered  in  France.  These  dis- 
coveries have  likewise  rectified  the  absolute  application  of 
the  correlative  law  to  the  determination  of  the  genus  as  well 
as  of  the  order.  The  relation  of  the  double-jointed  and  cleft 
phalanx  to  the  Edentate  organization  is  confirmed ;  but  the 
additional  fossils,  and  especially  some  evidences  of  teeth,  have 
shewn  that  the  Macroth^rium  belonged  to  a  peculiar  and  now 
extinct  genus  intermediate  between  the  Manis  and  the  Oryc- 
teropus.  And  these  relations  are  deeply  interesting,  on  account 
of  the  geographical  position  of  both  those  edentate  genera, 
on  tracts  of  land,  viz.,  which  are  now  most  contiguous  to  the 
continent  containing  the  remains  of  the  extinct  osculant 
genus.  The  locality  in  France  is  the  village  of  Sansan,  near 
Auch,  department  of  Gers,  Haute-Pyren^es.  The  formation 
is  a  lacustrine  deposit  of  the  miocene  period. 

Portions  of  two  molar  teeth  have  been  there  found,  1  inch  8 
lines  in  greatest  transverse  diameter ;  the  tooth  preserving  the 
same  size  and  shape  through  the  whole  length  of  the  portion 
— viz.,  1 J  inch.  They  resemble  in  shape  those  of  the  Orycte- 
rope,  but  are  less  regular  and  have  not  the  same  tubular 
tissue.  The  humerus  differs  from  that  of  the  ant-eaters  and 
armadillos  by  its  greater  length  in  proportion  to  its  breadth  ; 
and  approaches  that  in  the  Megatherioids  and  sloths,  not  only 
in  its  relative  length,  but  in  the  flattening  at  the  distal  end, 
and  the  imperforate  character  of  that  end.  The  radius  ^so 
presents  a  sloth-Uke  character  in  its  greater  proportionate 
length,  which  exceeds  that  of  the  humerus.  In  both  the  Pan- 
golin and  Orycterope,  the  radius  is  shorter  than  the  humerus. 
The  ulna  differs  from  both  that  of  the  Pangolin  and  Orycte- 
rope, and  still  more  from  that  in  the  Armadillos,  by  the  much 
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smaller  development  of  the  olecranon,  whereby,  again,  it  more 
resembles  that  of  the  sloths.  The  femur  is  relatively  longer 
and  more  slender  than  that  of  the  terrestrial  and  fossorial 
Edentata  ;  it  has  not  the  third  trochanter  which  characterizes 
it  in  the  Orycterope,  nor  so  marked  a  development  of  the 
great  and  small  trochanters  as  in  the  Pangolin.  In  the  flat- 
tened form  of  the  shaft  of  the  femur,  and  the  position  of  the 
rotular  surface  near  one  side  of  the  distal  end,  it  resembles 
the  femur  of  the  Megatherium  and  Mylodon.  As  in  the  sloths 
it  is  shorter  than  the  humerus ;  whereas,  in  both  the  Pangolin 
and  Orycterope  the  femur  is  longer.  The  tibia  is  much 
shorter  than  the  femur,  and  in  the  expansion  of  its  proximal 
end  and  its  relative  length  to  the  femur  it  resembles  that  of 
the  Megatheroids  more  than  that  in  the  Pangolin  or  Orycte- 
rope ;  it  was  not  anchylosed  to  the  tibia  as  in  the  Armadillos, 
Glyptodons,  and  Megatherium,  but  remained  a  distinct  bone, 
as  in  the  Mylodon  and  slotlis. 

In  the  same  miocene  deposits  of  the  south  of  France  as 
those  which  contained  the  MacTotheriurriy  fossil  remains  of 
two  kinds  of  Quadnimana,  resembling  a  small  and  large 
species  of  HylobateSy  have  been  discovered. 

Genus  Pliopithecus,  Gerv. — ^The  smaller  of  these  extinct 
apes  {Pliopithecus  aiUiquus)  is  based  upon  the  lower  jaw  and 
dentition.  The  teeth  occupy  an  extent  of  1^  inch  ;  the  two 
incisors  are  narrower,  the  canine  less,  and  the  last  molar  is 
larger  than  in  the  siamang  {H,  Syndactyld).  As  in  this 
species  the  first  premolar  is  imi-cuspid,  and  the  hind  talon 
of  the  second  is  more  produced  than  in  the  chimpanzee 
and  gorilla,  and  to  the  degree  in  which  the  fore-and-aft 
diameter  of  the  tooth  exceeds  the  transverse  one,  it  departs 
farther  from  the  human  tjrpe ;  in  the  degree  of  the  develop- 
ment of  the  talon  or  third  lobe  of  the  last  lower  molar,  the 
Pliopithecus  resembles  the  tailed  monkeys  {SemnopUhecus  and 
Innus). 
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Genvs  Dryopithecus,  Lart — In  the  larger  miocene  ape 
{DTyopithecus  Fontant)  the  canine  is  relatively  larger  than  in 
the  HyldbateSj  and  the  incisors,  to  judge  by  their  alveoli,  are 
relatively  narrower  than  in  the  chimpanzee  and  human  sub- 
ject. The  first  premolar  has  the  outer  cusp  pointed,  and 
raised  to  double  the  height  of  that  of  the  second  premolar, 
and  its  inner  lobe  is  more  rudimental  than  in  the  chimpanzee,* 
and  departs  proportionally  from  the  human  type.  The  poste- 
rior lobe  or  talon  of  the  second  premolar  is  more  developed^ 
and  the  fore-and-aft  extent  of  the  tooth  greater,  than  in  the 
chimpanzee,  thereby  more  resembling  the  second  premolar  of 
the  siamang;  and  less  resembling  that  of  the  human  subject. 
The  last  (third)  molar  is  undeveloped  in  the  fossil  jaw  of  the 
DryopithecuSy  and  its  amount  of  departure  from  the  human 
type,  and  approach  to  that  of  Inrms^  cannot  be  determined. 
The  canine  is  more  vertical  in  position  than  in  Troglodytes  or 
PithecuSy  but  this  character  is  offered  by  some  of  the  small 
South  American  apes.  From  the  portion  of  humerus  associ- 
ated with  the  jaw  of  Dryopithecus^  the  arm  would  seem  to 
have  been  proportionally  longer  and  more  slender  than  in 
the  chimpanzee  and  gorilla,  with  a  cylindrical  shaft,  more 
like  that  in  the  long-armed  apes  (Hylobates)y  and  less  like  the 
arm  of  the  human  subject. 

The  characters  of  the  nasal  bones,  orbits,  mastoid  processes, 
relative  length  of  upper  limb  to  trimk,  relative  length  of  arm 
to  fore  arm,  relative  length  and  size  of  thumb,  relative  length 
of  lower  limb ;  and  above  all,  the  size  of  the  hallux  and  shape 
of  the  astragalus  and  calcaneum,  must  be  known  before  any 
opinion  can  be  trusted  as  to  the  proximity  of  Dryopithecus  to 
the  chimpanzee  or  the  human  subject. 

Oenus  Mesopithecus,  Wagn. — In  tertiary  formations  of 
Greece,  at  the  base  of  Pentelicon,  remains  of  a  Quadrumane  have 

*  Compare  Comptes  Rendus  tie  TAcad.  des  Sciences,  torn,  xliii  (July  28, 
1856,  plate,  fig.  7),  with  Trans.  Zool.  Soc,  vol.  iv.,  plate  32,  fig.  3,  p.  3. 
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liet'D  ffuinii,  wIulIi  I'n ift-^iur  WjiynL-r"  regards  as  transitional 
botween  Hfilj'j'iks  auJ  S'm>i"jnlh(cii3:  the  third  lobe  of  the 
last  molarii*,hiiwevt-r,  asHtll  ctevelniMMlaa  in  the  latter  genus. 

Geiii'i  Semsopitiiecls. — To  this  g^-nus  belong  the  petrified 
jaws,  twth,  and  astnigalus,  from  the  older  pliocene  or  miocene 
rttcks  in  the  sul)-Himalayan  hills,  near  Sutlej,  India,  dis- 
covered in  1836  by  Duraiid  and  Baker. 

In  the  pliocene  dciK)sits  of  Montpellier  remains  of  a 
monkey  occur,  a-ferred  by  C'hristol  to  a  Ca-eopWucut;  and  in 


Fig   133. 
Fiknll  of  Dinolhfriam  glganleam  (Miocene,  Epplenheiin) 

pliocene  brick-earth  in  Essex  the  writer  has  determined  part 
of  the  fossil  jaw  and  teeth  of  a  Macacus. 

Genus  DiNOTHERiUM,  Cuv.  and  Kp. — This  name  was  given 
l>y  Kaiip,  after  the  discovery  of  the  singular  shape  and  arma- 

■   Ablinnf-lungrn  Jer  fc.  bajer  AksJemie,  brt,  ii ,  IBa4,  Mmichen. 
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ture  of  the  lower  jaw,  to  the  huge  bilophodout  Mammal,  firet 
made  known  by  Cuvier  under  the  name  of  "Tapir  gigan- 
tesque."  The  length  of  the  skull,  from/  to  rf,  in  fig.  138,  is  3 
feet  8  inches.  The  teeth  in  this  skull,  in  addition  to  the  two 
large  deflected  tusks  of  the  lower  jaw,  are  five  in  number  on 
each  side  of  both  jaws.  A  study  of  the  changes  of  dentition 
in  fossils  of  young  Dinothena  shew  that  the  first  two  teeth 
answer  to  the  third  and  fouith  premolars,  as  signified  by  the 
symbols  p,  3  and  4;  and  that  the  rest  are  true  molars  (///, 
I,  »,  3).  Of  these,  the  first  tooth  (/?,  3),  is  mther  trenchant 
than  triturant;  the  third  tooth  (i)  has  three  transverse 
ridges.  The  other  grinders  have  two  transverse  ridges.  This 
"  bilophodont"  or  two-ridged  type  is  shewn  by  the  molars 
of  the  Tainr  (fig.  139),  Lophiodon,  Megatlwi'ium,  Dipivfod^ii, 
Nototherium^    Kangaroo^    and 

Manatee.    In  the  general  shape  ^MUmJmmKf^Ufftlff^ 
of  the  skull  and  aspect  of  the  Yr^^**^*''*^^5^rr 
nostrils  Dinotlierium  most  re-  ^ 

Fie.  139. 

sembles  Manatvs :  but  bones       ,,  ,        .     /       .      „,    . 

Molar  senes,  lower  jaw,  lapir. 

of  limbs  nave  been  found  so 

associated  with  teeth  as  to  determine  the  Diivothcrium  to  be  a 
hoofed  quadruped,  of  probably  aquatic  habits,  and  transitional, 
as  it  would  seem,  between  the  large  I^ophiodons  and  the  huger 
proboscidians.  Tlie  evidences  of  the  genus  have  been  dis- 
covered in  miocene  deposits  of  Germany,  France,  Switzer- 
land, and  Perim  Island,  Gulf  of  Cambay. 

Genus  Mastodon,  Cuv. — The  earliest  appearance  of  this 
genus  of  proboscidian  or  elephantoid  Mammal  is  in  tertiary 
strata  of  miocene  age,  and  by  a  species  in  which  the  fore  part 
of  the  lower  jaw  was  produced  into  a  pair  of  deep  sockets 
containing  tusks ;  but  these  are  only  slightly  deflected  from 
the  line  of  the  grinding  teeth  (fig.  140,  C).  This  species  of 
Mastodon,  discovered  in  the  miocene  of  Eppelsheim,  was  called 
Jongirostris  by  Kaup  ;  but  he  afterwards  recognized  it  as  the 

2c 
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ihm  arrcrveniiig  (Croizet  and  Jobert).*     Both  belong  to  that 

•  BeitrojTP   7,ur  nacberen   Koniitniss  dcr  I'rweltUchen   S^ugelhiei*,  4lo, 
IM.')?,  p.  10.     TliP  name  angaiUdent  vm  TirKt  applied  b;  Cuvicr  lo  leeth  of  this 
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section  of  Mastodon  in  which  the  first  and  second  true  molars 
have  each  four  transverse  ridges,*  and  for  which  Dr.  Falconer 
proposes  the  name  Tetralophodon.  In  the  newer  tertiary  de- 
posits of  North  America  remains  of  a  Mastodon  {M.  Ohiotims) 
have  been  discovered,  in  which  the  transverse  ridges  of  the 
grinders  are  in  shape  more  like  those  of  the  Dinoihere  than 
in  any  other  Mastodon  ;  the  first  and  second,  moreover,  have 
two  ridges,  and  the  third,  three  ;  but  this  is  followed  by  two 
three-ridged  molars  and  a  last  larger  molar  with  four  or  five 
ridges.t  For  the  Mastodons  with  three-ridged  penultimate 
and  antepenultimate  grinders,  Dr.  Falconer  proposes  the  name 
Trilophodon,  In  the  Mastodon  Ohioticus  the  lower  jaw  has 
two  tusks  in  the  young  of  both  sexes  ;  these  are  soon  shed  in 
the  female,  but  one  of  them  is  retained  by  the  male  (fig. 
140,  B),  The  upper  tusks  are  long  and  retained  in  both 
sexes  (fig.  140,  A),\ 

An  almost  entire  skeleton  of  a  Mastodon  (if.  iuricensis, 
fig.  140)  has  been  discovered  in  the  pliocene  deposits  of  Aste, 
Piedmont.  Tlie  total  length  from  the  tail  to  the  end  of  the 
tusks  is  17  feet.  Tlie  teeth  have  the  same  narrow  shape  and 
multi-mammillate  structure  as  in  M.  avernensis,  but  in  the 
numerical  character  of  transvei*se  divisions  of  the  crown  this 
species  agrees  with  M.  Ohioticus, 

Tlie  Mastodons  were  elephants  with  the  grinding  teeth 
less  complex  in  stmcturo,  and  adapted  for  bruising  coarser 
vegetable  substances.  The  grinding  surface  of  the  molars 
(fig.  141),  instead  of  being  cleft  into  numerous  thin  plates, 
was  divided  into  wedge-shaped  transverse  ridges,  and  the 
summits  of  these  were  subdivided  into  smaller  cones,  more 
or  less  resembling  the  teats  of  a  cow,  whence  the  generic 
name.§     A   more   important    modification  appeared  to  dis- 

*  First  demonstiated  by  Kanp,  Ossemcnfl  Fossilofl  de  Darmstadt,  4to,  1835. 

t  Owen's  "Odontography,"  4to,  1845,  p.  617,  pi.  144. 
t  Owen'H  "  Odontography,"  p.  618.  §  Mastot,  a  nipple ;  odous,  a  tooth. 
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tin^jiiiHh  the  (.'xliiiut  gomis,  in  respect  of  the  structure  of  the 
molar   teeth ;    tlie   dentine,   or  principal  substance  of  the 
crown  of  the  tooth  (fig.  HI,  <f)  is  covered  by  a  thick  coat  ol 
dense  and  brittle  en- 
amel (e) ;  a  thin  coat 
of  cement  is   con- 
tinued     from     the 
I  fangsuponthecrown 
f  of  the  tooth,  but  this 
substance  does  not 
fill    up    the    inter- 
...  spaces  of  the  divi- 


l>|M.-i  iu.il«r  uf  MMlodnn  .vf  menri..     Fluro-         sions   of   the    CTOWn. 

i.iiiripccr»B,  Norfolk.  ^  j^jj^,  elephant's 

grinder  (fig.  lid,  r).  Such  at  least  is  the  character  of  the 
molar  teeth  of  the  two  species  of  Mastodon,  which  Cuvier 
has  termed  Mndexloii  ffu/anteiis  and  Mastodon  angustideits 
(fig.  141).  Fossil  remains  of  proboscidians  have  subse- 
quently been  found,  principally  in  the  tertiary  deposits  of 
tropical  Asia,  in  which  the  number  and  depth  of  the  clefts  of 
the  crown  of  the  molar  teeth,  and  the  thickness  of  the  inter- 
vening cement,  are  so  much  increased  as  to  establish  transi- 
tional characters  between  the  lamello-tuberculate  teeth  of  the 
elephants  and  the  mammilated  molars  of  the  typical  Masto- 
dons, sliewing  that  the  characters  deducible  from  the  molnr 
teeth  are  rather  the  distinguishing  marks  of  species  than  of 
genera  in  the  present  family  of  mammalian  quadrupeds. 

The  dentition  of  this  family  may  be  expressed  by  the 
formula — 


-34; 


that  is  to  say,  in  the  Proboscidians  in  which  the  dentition 
most  nearly  approached  to  the  typical  one,  thirty-four  teeth 
were  developed,  as  follows  ; — in  the  upper  jaw,  two  deciduous 
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incisors,  followed  by  two  permanent  incisoi-s  developed  as 
tusks ;  six  deciduous  molars  (three  on  each  side,  d  2,  3,  4,  fig. 
142);  two  premolars  (one  on  each  side^p  3,  fig.  142),  and  six 
true  molars  (three  on  each  side,  ni  i,  2, 3,  figs.  142  and  143) ; 
— in  the  lower  jaw,  two  incisors 
as  tusks  (uncertain  whether  pre- 
ceded by  deciduous  tusks),  de- 
ciduous molars,  premolar,  and 
luolara,  as  in  the  upper  jaw. 

The      elephantoid      animal 
Mastodcyn     longirostris,     Kaup  ;    DeciduouH  dentition,  young  Jdtu- 

/,*-.,  ..J  .  todon  longirostrxB. 

{Mastodmi  afigustidens^  in   part, 

Cuvier)  which  exhibited  the  above  instructive  dentition  of  the 
proboscidian  family,  once  roamed  over  the  part  of  the  earth 
now  forming  England,  France,  Italy,  and  Germany.  The  first 
steps  in  our  knowledge  of  its  dentition  were  made  by  Cuvier, 
who  called  it  the  narrow-toothed  Mastodon  "  Mastodon  k  dents 
etroites,'*  or  Mastodon  angitstidens.  This  name  was  suggested 
by  the  less  breadth  of  the  grinding  surface  of  the  teeth  as  com- 
pared with  those  of  a  previously  described  species  of  Mastodon 
from  North  America,  called  the  Mast,  giffante^is,  or  M.  Ohioti- 
cus.  Cuvier  describes  and  figures  a  last  molar,  upper  jaw,  from 
Trevoux,  consisting,  as  in  the  specimen  from  Norfolk  Crag, 
(fig.  141),  and  as  in  that  from  Eppelsheim  (fig.  143,  m  3),  of 
five  transverse  ridges,  with  a  front  and  back  talon  or  subsidiary 
ridge.  The  latter  is  the  largest,  and  subdivided  into  teat- 
shaped  tubercles,  so  as  almost  to  merit  the  name  of  a  sixth 
division  of  the  tooth.  The  principal  ridges  are  divided  into 
two  chief  or  primary  tubercles,  with  secondaiy  tubercles  in 
the  interspace ;  the  chief  tubercles  are  more  or  less  deeply 
grooved  lengthwise,  or  cleft  at  top,  so  that  mastication  wore 
them  down  to  small  circles  of  dentine  surrounded  by  a  thick 
border  of  enamel,  and  further  attrition  r<'dur(Ml  these  to  a 
trilobed  or  trefoil  form. 


rjlK)  i'a,l.kontlilogt. 

Tilt'  last  hivsfV  miliar  ol"  tliu  Must,  aii-justiikm  I'rom  La 
UiicLt.'tta  ill  Tiiiiaru.*  i-xliibits  the  same  live  principal  ttans- 
vfi-sr  liilyes  anil  tltc  liiiider  one,  as  in  thu  corresiKinding  tooth 
in  tliL'  Epiiel-slitim  Mastodou  (fig.  l-tS,  »/n).  and  being  the 


of  olil  ifailodon  laitgii 


fii'st  (if  the  series  of  narrow  mastodontoid  teeth  to  which 
Uuvier  apphcd  the  name  angiisli^ai-t,  it  may  be  regarded  as 
the  tj-pe  of  that  si)ecie9.  The  characteristic  premolar  of  the 
Must,  aiufiistldeii.i,  witli  a  qnadrate  crown  of  two  ridges,  each 
cleft  into  two  tubercles  (fig.  142,^  j),  is  figured  by  Cuvier,  in 
Op.  cit,  pi.  i.,  fig.  3,  and  again,  in  .nhi,  with  the  last  deciduous 
molar  {<l  4)  in  a  portion  of  the  iipiier  jaw  of  the  Mastodon 
aniji'stidens  from  Uax  (ib.,  pi.  iti.,  fig.  2),  Tliis  tooth  (rf  4,  fig. 
142)  consists,  in  both  the  Dax  and  Eppelsheim  specimens,  of 
three  principal  ridges  and  a  posterior  bituberculafe  talon. 

•  ruvier,  0|>.  ci(.  IHverii  MaHlo.t..iilri<,  pi.  iv.,  fif-.   t,  l.ip  view,  fig.  2,  Bi.lf 
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Tlie  aBtepenultimate  molar  (fig.  142,  m  i)  eousists  of  four 
ridges  anil  a  talon.  The  penultimate  lias  the  same  structure 
on  a  lai^er  scale  (fig.  H3,  m  ») :  the  last  grinder,  m  3,  ia  l>oth 
larger  and  more  complex. 

Ill  the  proboscidian  quadrupeds,  the  molar  teeth  progi'e.s- 
sively  increasing  in  size,  and  most  of  them  in  complexity, 
follow  each  other  fi-om  before  backwards  at  longer  intervals 
than  in  other  quadnipeds,  and  the  sfries  is  never  simultane- 
ously in  place  :  not  more  than  thi-ee  are  in  use  at  any  period 
on  one  side  of  either  jaw:  all  the  molars,  save  the  penulti- 
mate (fig.  1+3,  m  *)  are  shed  by  the  timetlie  crown  of  the  last 
molar  has  cut  the  gimi :  the  dentition  is  finally  reduced  to  in  j 
on  each  side  of  both  jawa,  with  commonly  the  loss  of  the  in- 
ferior tusks,  as  in  the  old  Mastodon  iniiixncia  (fig.  1+0),  from 
the  tertiary  deposits  of  the  Po,  desciibed  and  figured  by 
Sismoiida,* 

The  genus  was  represented  by  species  ranging,  in  tinu', 
from  the  miocene  to  the  upper  pliocene  deposits,  and  in  space, 
cosmopolitan  with  tropical  and  temperate  latitudes.  Tlie 
transition  from  the  mastodontal  to  the  elephantine  type  of 
dentition  is  very  gradual. 

Gaim  Elkphas,  L — The  latest  form  of  tnie  elephant  which 

obtained     its     suste- 

''  '  nance     in    temperate 

latitudes        is       that 

which       Blumenhach 

I  called  primigenius,  the 

"  Mammoth "    of    the 

Siberian   collectors  of 

...     -^  its    tusks    (fig.    147). 


I'pper  grinJer  of  llic  Maramolh  {Eluphot  primi 


Its      remains      occur 


(chiefly,  if  not  exclu- 
.*ely,  in  post-pliocene  deix)sits,  and  have  even  been  found  in 

•  Osteiiprsfin  Ji  iin  Mastodimlc  Angualitlenle,  4lo,  Turin,  la'il. 


3y2  i'.vL.tosTOLO(;v. 

Iiirliiirv  lu'iu  Holvlu'iiii.  itsfjriini(diii(fig.  I -(-ijai'e  broader,  and 
havp  iiaiii>\v(;i'  aiul  iimrt'  nmnui-ous  and  close-st't  traiis\erse 
[>lnt<':j  and  lidjros,  than  in  nthev  elephants.  In  the  existiu*; 
Indian  !i|ictii's,  i-.i/.  (fig.  1 45),  tlic  molars  are  relatively  narrower, 


tlic  jiliiUjs  i,(/i/)  iiri'  If.ss  numerous,  and  their  cnamelle<l  boixler 

{re)  is  lewt.Hincd.    In  the  Afrii'aii  elephant  {fig.  1+6)  the  plates 


rji{vr  niuliir,  Arriviiti  EK'|>lianl. 

HIV  Klill  fewer,  ai-e  ieluti\  ely  lai'ger,  and  so  expanded  at  tlip 
middle  ius  t«  present  a  lozenge  -iliape.  The  Eleplias  irisciis, 
(Jdf.,  of  Eui-opeim  pliocene  beds  has  niolai-s  most  like  those 
(jf  the  present  African  speLU"*  The  tnsks  of  the  elephant, 
like  those  of  the  Mostodon,  con'sist  of  true  i\ on,  which  shews, 
in  transverse  fractures  or  sections,  striff  prtK'eeding  in  the 
nii:  of  a  eii-eli^  fi'oni  the  eciiti¥  to  the  rireuniference  in  oppo- 
site dii'eclions,  anil  foniiing.  hv  their  decussations  eurvilineai- 
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lozenges.     This  character  is  a  valuable  one  in  the  determina- 
tion of  fragments  of  fossil  tusks. 

The  tusks  of  the  extinct  Elephas  'pnmigenius  have  a 
bolder  and  more  extensive  curvature  than  those  of  the 
ElepJias  indicus ;  some  have  been  found  which  describe 
a  circle,  but  the  curve  being  oblique,  they  thus  clear  the 
head,  and  point  outward,  downwai-d,  and  backward.  The 
numerous  fossil  tusks  of  the  Mtmimoth  which  have  been  dis- 
covered and  recorded,  may  be  ranged  under  two  averages  of 
size — the  larger  ones  at  nine  feet  and  a  halt^  the  smaller  at 
five  feet  and  a  half  in  length.  The  writer  has  elsewhere 
assigned  reasons  for  the  probability  of  the  latter  belonging  to 
the  female  Mammoth,  which  must  accordingly  have  diflTei-ed 
from  the  existing  elephant  of  India,  and  have  more  resembled 
that  of  Africa,  in  the  development  of  her  tusks,  yet  mani- 
festing an  intermediate  character  by  their  smaller  size.  Of 
the  tusks  which  are  referable  to  the  male  Mammoth,  one  from 
the  newer  tertiaiy  deposits  in  Essex  measured  nine  feet  ten 
inches  along  the  outer  curve,  and  two  feet  five  inches  in  cir- 
cumference at  its  thickest  part ;  another  from  Eschscholtz 
Bay  was  nine  feet  two  inches  in  length,  and  two  feet  one  and 
a  half  inches  in  circumference,  and  weighed  one  hundred 
and  sixty  pounds.  A  specimen,  dredged  up  off  Dungeness, 
measured  eleven  feet  in  length.  In  several  of  the  instances 
of  Mammoth's  tusks  from  British  stmta,  the  ivorj^  has  been 
so  little  altered  as  to  be  fit  for  the  purposes  of  manufacture  ; 
and  the  tusks  of  tlie  ^lammoth,  which  are  stUl  better  pre- 
served in  the  frozen  drift  of  Siberia,  have  long  been  collected 
in  great  numbers  as  articles  of  commerce. 

In  a  specimen  of  the  extinct  Indian  elephant  {Ehphas 
gaaesa^  Fr.  and  C.)  preserved  in  the  British  Museum,  the  tusks 
are  ten  feet  six  inches  in  length,  and  in  consequence  of  their 
small  amount  of  curvature,  they  project  eight  feet  five  inches 
in  front  of  the  head.     Their  apparent  dispropoiiion  to  the  size 
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skull  is  tnily  fxtraordiimiy,  aiid  cxennilifies  the  masi- 
uii  111'  Lluiital  dfvelopQieiit 
t>  iriiiMiiiiutli  ia  iiiim  L-oiii|iletely  known  thau  most  otlier 


cxtiiict  aiiimals  by  reason  of  the  diacoverj'  of  an  entire  speci- 
men preserved  in  the  frozen  soil  of  a  cliff  at  the  mouth  of  the 
river  Lena  in  Siberia.  Tlic  skin  was  clothed  with  a  reddish 
wiiol,  and  with  long  black  hairs.     It  is  now  pivsen'ed  at  St, 
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Petersburg,  together  with  the  skeleton  (fig.  147).  Tliis  mea- 
sures, from  the  fore  pai*t  of  the  skull  to  the  end  of  the  muti- 
lated tail,  16  feet  4  inches  ;  the  height,  to  the  top  of  the  doraal 
spines,  is  9  feet  4  inches  ;  the  length  of  the  tusks,  along  the 
cui-ve,  is  9  feet  6  inches.  Parts  of  the  skin  of  the  head,  the 
eye-ball,  the  strong  ligament  of  the  nape  which  helped  to 
sustain  the  heavy  head  and  teetli,  and  the  hoofs,  remain 
attached  to  the  skeleton.  These  huge  elephants,  adapted  by 
their  clotliing  to  endure  a  cold  climate,  subsisted  on  the 
bmnches  and  foliage  of  the  northern  pines,  birches,  willows, 
etc. ;  and  during  the  short  summer  they  probably  migrated 
northward,  like  their  contemporary  the  musk-buffalo,  which 
still  lingers  on,  to  the  70th  degree  of  N.  latitude,  retreating 
during  the  winter  to  more  temperate  quarters.  The  mammoth 
was  preceded  in  Europe  by  other  species  of  elephant — e,g,, 
Elcphas  priscus,  Goldfuss,  and  Elephas  Qneridwnalis^  Nesti, 
which,  during  the  pliocene  period,  seem  not  to  have  gone 
northward  beyond  temperate  latitudes. 

The  mammoth  seems  to  have  enjoyed  a  wider  geographical 
i"ange  than  any  other  extinct  elephant.  Its  remains  have  been 
found  in  the  British  isles,  continental  Europe,  the  Mediter- 
ranean, Siberia,  and  throughout  a  large  portion  of  North 
America,  where  it  co-existed  not  only  with  the  gigantic  Mas- 
todon OhioticuSy  but  also  with  a  second  species  of  true  elephant 
{Elejplias  tcxianus,  Blake*),  the  teeth  of  which  were  more 
adapted  to  a  succulent  vegetable  diet.  Existing  elephants 
are  confined  to  the  Old  World. 

Ocnus  Ehinoceros,  L. — The  rhinoceros,  like  the  elephant, 
was  represented  in  pliocene  and  post-pliocene  times,  in  tempe- 
rate and  northern  latitudes  of  Asia  and  Europe,  by  extinct 
species.  One  (Rhinoceros  kptorhinus)  associated  with  the 
Hijrpopotamits  major  in  fresh-water  upper  pliocene  deposits ; 
another  (/?.  Hchorrhinus)  with  tlie  mammoth  in  brick-eai*th 

•   '*  Bollacrt's  Antiquities  of  S.  America,"  2d  ed. 
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lii'tls  j^liiciiil  day,  ;iud  drift.  Tlw  diacovery  of  the  cai'case  of 
tlic  tidion-iiu'  rliinriceiiis  in  fniKt-ii  siiil,  recordtil  by  Pallas  in 
iiis  •'  Vi>yiif;vs  diins  TAsio  Si^pteiitriunale," •  shewed  the  same 
iulii])tali<iii  iif  tills,  at  pi-eseiit  tropical,  form  of  quadruped  to  a 
i^uld  cliuiaii;,  by  a  twofuld  covering  of  wool  and  hair,  as  was 
subsequently  demonstrated  to  be  the  case  witli  the  matn- 
nioth.  Botli  the  above-named  fossil  rhinoceroses  were  two- 
hoiiied  ;  but  they  were  precedetl,  in  the  pliocene  and  miocene 
jienods,  by  a  species  devoid  of  horns,  yet  a  rhinoceros  in  all 
other  essentials  (Acavtherium,  Kaup). 

The  modifications  which  the  npjicrniolars  of  the  rhinoceros 
present  as  compared 
*  with    those    of    its 

antetype,  the  Palfeo- 
'  therinm,  will  be 
readily  understood 
by  comparing  fig, 
127  with  fig.  118, 
and  are  as  follows  : 
—  The  concavities 
(//)  on  the  outer 
side  of  the  crown,  in 
tig.  127,  are  almost 
levelled,  and  from 
one  of  them  a  slight 
convexity  projects, 
iu  some  species  of 
Rliinocei'os,  giving  a 
'^:  .  gently       undulated 

I  pjiui-  iMulHr.  IU11CHH1.T.1M.      Nal,  KiKP, 

surface  ou  that  side 
of  the  tooth.  The  valley  (f)  is  moi-e  expanded  at  its  termina- 
tion (t),  in  the  Rhinoceros  ;  and,  iu  some  species,  it  bifurcates 
and  deepens,  s"  that  one  branch  may  form  an  insulated  circle 

•  II",  170^,  pp.  i;ini:i3. 
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of  enamel  when  the  crown  is  worn.  The  posterior  valley  {g)  is 
uaoaUy  deeper  and  more  extended.  The  ordinary  lobea  (a,  b, 
c,  rf)  are  very  similar,  and  produce,  by  the  confluence  of  a 
with  c,  and  of  ft  with  d,  the  two  oblique  tracts  of  dentine 
which  are  more  decidedly  established  as  transverse  ridges  in 
the  Lophiodont  or  Tapiroid  group.  A  basal  ridge  (r)  girta 
more  or  less  completely  the  inner  and  the  fore  and  hind 
parts  of  the  base  of  the  crown.  Not  fewer  than  twenty 
species  of  extinct  rhinoceroses  are  entered  in  Palieontological 


EguidcB. — Remains  of  quadrupeds  with  the  limbs  and  den- 
tition of  the  horse-kind  have  first  been  seen  in  strata  of  raid- 
tertiary  or  mioeene  age.      Such  deposits  at   Eppelsheim  in 
Germany,  in  the  department  of  Vaucluse,  France,  and  in  the 
Sewalik  hills  of  India,  have  yielded  upper  molar  teeth  differ- 
ing from  those  of  modem  Equidm  chiefly  in  the  distinctnes.s 
or  greater  extent  of  separation  of  the  interlobal    ^ 
or  inner  column  {fig.  1 49,  m) ;  and  have  revealed 
the  highly  interesting  structure  shewn  by  the    | 
retention  of  the  small  digits  and  hoofs  (fig.  150,    i 
ii.  and  iv.),  appertaining  to  the   mdiments  of 
their  metapodials,  called  splint-bones  by  vete-  ^ 
rinarians,  which  alone  are  retained  in  modem      i'ig,  i49. 
horses,  zebras  and  asses.*    The  small  hoofs  in    "pper  molar. 

Hippanon. 
question,  ib.  ii.  and  iv,  dangled  by  the  side  of 
the  lai^e  and  functional  hoof  iii.,  like  the  pair  of  spurious 
hoofs  behind  those  forming  the  cloven  foot  in  the  ox  (iig.  161). 
They  would  cause  the  foot  of  the  Hippanon  to  sink  less  deep 
into  swampy  soil,  and  be  more  easily  withdrawn,  than  the 
more  simplified  horse's  foot.  From  another  point  of  view,  as 
the  small  digits  ii.  and  iv.  answer  to  the  outer  and  inner  toe  of 
the  foot  of  the  Palseothere,  the  mioeene  Hipparion,  on  the 

•  The  tridacljle  horee  itfts  called  J7ippark>n  (Gr.  for  "liHle  horse")  bj  M, 
(^hristol  (1832),  Koi  Hippothtrium,  by  Dr.  Rsup  (1835). 


398 


PAL-EONTOLOGY. 


derivative  hypotliesis  of  species,  might  be  the  ti*ausitioiial 
form  between  the  upper  eocene  Pala;otheres  {Paloploiheriuvi 
and  Anchitherium)  and  the  modern  hoi'se. 

Species  of  true  Eqinis  with  the  spurious  hoofs  suppressed, 
and  the  interlobal  column  blended  witli  the  body 
of  the  tootli  (fig.  151,  m  »  and  *),  first  make  their 
appearance  in  pliocene  beds.     Equvs  plieidens, 
so  called  because  enamel-ridges  on  the  teeth  are 
more  plaited  than  in  the  recent  horse,  occui*s  in 
pliocene  brick-earth,  and  in  the  Oreston  Lim(i- 
stone  caves,  England  ;  a  similar  sjiecies  has  also 
been  found  associated  with  Mastodon  and  Ceto- 
tolites  in  a  pliocene  deposit  at  Newberae,  North 
Carolina.      In   South   American  formations  of 
similar   age,   a  horse   {Equiis    citrvidcns)   with 
grinding  teeth  more  bent  than  usual,  has  left 
its   remains   along   with    those    of   the   Mega- 
Bones  of  foot.    theHum.     Both  kinds  of  aboriginal  American 
Hippanon.     ]iorse  became  extinct  with  the  larger  quadru- 
peds with  which  they  were  associated  in  the  two  divisions  of 
that  great  continent.     The  Equnsfos6^lis  of  the  crag  and  drift 
gravel  of  England  appears  to  have  had  grindera  with  a  leKs 


Fig.  150. 


m  f    w  2     in  i 


Fig  151. 
Dentition  of  upper  jaw,  horse. 


transverse  diameter  than  our  modem  varietv  of  similar  size. 
Fossil  equine  teeth,  of  the  size  of  those  in  the  zebra  and  as8, 
have  also  been  found  in  pliocene  and  later  deposits  of  both 
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luirope  and  North  America.     It  is  remarkable  that  no  equine 


p2    p:i    A^ 

Fig.  152. 
Dentition  oC  lower  jaw,  horse. 

animal  existed  in  the  New  World  at  the  time  of  its  dis- 
covery by  Columbus  and  his  followers. 

Genus  Hippopotamus,  L. — The  discovery,  in  lacustrine  and 
fluviatile  deposits  of  Europe,  of  the  remains  of  an  amphibious 
genus  of  Mammal,  now  restricted  to  African  rivers,  gives  scope 
for  speculating  on  the  nature  of  the  land  which,  uniting  Eng- 
land with  the  Continent,  was  excavated  by  lakes  and  inter- 
sected by  rivers,  with  a  somewhat  warmer  temperature  than 
at  present,  to  judge  by  a  few  S.  European  shells  which  occur 
in  the  fi*esh-water  formations — e.^.,  at  Grays,  Essex,  where 
remains  of  the  large  extinct  Hippopotamus  major  have  been 
found.  The  specimen  of  the  lower  jaw  (fig.  154)  was  dis- 
covered in  the  '  Forest  bed,'  below  glacial  clay,  on  the  Norfolk 
coast.  Other  localities  are  specified  in  tlie  writer's  **  History 
of  British  Fossil  Mammals,"  8vo,  1846. 

The  first  premolar  has  a  simple  subcompressed  conical 
crown,  and  a  single  root ;  it  rises  early,  and  at  some  distance 
in  advance  of  the  second  premolar,  and  is  soon  shed ;  the 
second  (i6.,  /?,  i)  stands  a  little  apart  from  the  third  (3).  This 
and  the  fourth  premolar  retain  the  simple  conical  form,  but  with 
increased  size,  and  are  impressed  by  one  or  two  longitudinal 
grooves  on  the  outer  surface,  which,  when  the  crown  is  much 
worn,  give  a  lobate  character  to  the  grinding  surface.  The 
true  molars  (m,  1, 2, 3)  are  primarily  divided  into  two  lobes 
(fig.  153)  by  a  w4de  transverse  valley,  and  each  lobe  is  sub- 
divided by  a  narrow  antero-])osterior  cleft  into  two  half  cones. 
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with  tliuir  Hut  niilea  next  each  other ;  the  convex  side  of  each 

lialf  cone  is  imh'nted  hv  two  nngiilar  vertical  notches,  bouDd- 

injT  a  strong  iiiterniL-diatc  pi-onii  nonce.     "When  their  summibi 

hegui  to  be    abraded,  each 

lobe,  or  i>air  of  demicones, 

I  presents  a  double  trefoil  of 
rnnniel  on  the  grinding  sur- 
face, as  shewn  in  fig.  153; 
I  «Iien  attrition  has  proceeded 
to  the  base  of  the  half  cones. 
then  the  grinding  surfaces  of 
each  lobe  presents  a  qitadrilo- 
'"'   ''"  bate  figure.    The  crown  of  the 

last  molar  tooth  of  the  lower 
jaw  is  lengthened  out  by  a  fif^h  cone,  develojied  behind  the  two 
normal  pairs  of  half  cones,  and  smaller  in  all  its  dimensions. 

Tlie  liippopotanms  is  first  met  with  in  pliocene  strata. 
Tlie  remains  of  H.  Mnjffr  have  hithei-to  been  found  only  in 
KurojK! ;  they  arc  common  along  the  ifediterranean  shore, 
and  do  not  occur  north  of  the  tomperat*"  zone.     In  Asia  this 


Lower  jaw  of  Hippopotaima  major  (rresli-wnter  Post-pliocene,  Norfolk). 

form  of  Pachyderm  was  represented,  peihaps  at  an  earlier 
period,  by  the  genus  Hexaprotodon — essentially  a  hippopo- 
tamus, with  six  incisor  teeth,  instead  of  four,  in  each  jaw. 
.S'H!</fl"._The  extinct  (.'hfrt>poicimv,%  A nthracotherium, Hyo- 
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potamus,  aad  Hippokyus,  had  the  typical  dental  formula,  and 
this  is  preserved  in  the  existing  representative  of  the  same 
section  of  nou-nuninant  Aitiodactyles,  the  hog.  The  iirst  true 
molai  when  the  permanent  dentition  is  completed,  exhibits  the 
effects  of  its  early  development  in  a  more  marked  d^ree  than 
in  most  other  Mammalia,  and  in  the  Wild  Boar  has  its 
tahercles  worn  down  and  a  smooth  field  of  dentine  exposed 
by  the  time  the  last  molar  has  come  into  place ;  it  originally 
bears  four  primary  cones,  with  smaller  subdivisions  formed  by 
the  wrinkled  enamel,  and  an  anterior  and  posterior  ridge.  The 
four  cones  produced  by  the  crucial  impression,  of  which  the 
transverse  part  is  the  deepest,  are  repeated  on  the  second  true 
molar  with  more  complex  shallow  divisions,  and  a  larger 
tubereulate  posterior  ridge.  The  greater  extent  of  the  last 
molar  is  chiefly  produced  by  the  development  of  the  back  ridge 
into  a  cluster  of  tubercles ;  the  four  primary  cones  being  dis- 
tinguishable on  the  anterior  main  body  of  the  tooth.  The 
crowns  of  the  lower  molars  are  very  similar  to  those  above, 
but  are  rather  narrower,  and  the  outer  and  inner  basal  tubercles 
are  much  smaller,  or  are  wanting ; 
the  grinding  surface  of  the  last 
is  shewn  in  fig.  155. 

Extinct  species  of  bog  have 
been  found  in  miocene  beds  at 
Eppelsheim    (Sua    ■palmoehcems,  ^B- 1^- 

Kp.).aDdstSimorre(S.  ^m<»-  l^<  >•"•' »»1",  H.g.  N....™. 
renme,  Lt.) ;  in  pliocene  beds  (S.  arwmwisis,  Crt),  and  in 
later  deposits,  where  the  species  {S.  acrofa  fosUia)  is  not  diB- 
tinguisbable  from  the  present  wild  boar. 

Order  Eomikantia. 

Of  other  forms  of  beasts  subsisting  on  the  v^etable  pro- 
dnctions  of  the  earth,  and  more  akin  to  actual  European  Her- 
2  D 
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bivora,  there  co-existed,  in  Europe,  with  the  now  exotic  genera 
ElephaSy  Rhinoceros,  HippopotamuSy  etc.,  a  vast  assemblage  of 
species,  nearly  all  of  which  have  passed  away.  The  quadru- 
peds called  "  Euminants,"  from  the  characteristic  second 
mastication  of  the  partly-digested  food  by  the  act  called 
**  rumination  "  or  **  chewing  the  cud,"  constitute  at  the  present 
period  a  circumscribed  group  of  Mammalia,  which  Cuvier 
believed  to  be  "  the  most  natural  and  beslniefined  order  of 
the  class.'**  He  characterised  it  as  having  incisive  teeth  only 
in  the  lower  jaw  (fig.  161,  c),  which  were  replaced  in  the 
upper  jaw  by  a  callous  gum.  Between  the  incisors  and  molars 
is  a  diastema,  in  which,  in  certain  genera  only,  may  be  found 
one  or  two  canines.  The  molars  (fig.  161,  A),  almost  always 
six  on  each  side  of  both  jaws,  have  their  crown  (fig.  156) 
marked  by  two  double  crescents  (ih^  a,  J,  c,  d),  with  the  con- 
vexity turned  inwards  in  the  upper  set,  outwards  in  the  lower. 
The  four  legs  are  terminated  by  two  toes  and  two  hoofs 
(fig.  161),  flattened  at  the  contiguous  sides,  so  as  to  look  like 
a  single  hoof  cloven  ;  whence  the  name  "  cloven-footed,"  also 
given  to  these  animals. 

The  precise  definition  of  the  order  Ruminantia,  as  it  now 
exists,  is  affected  by  certain  peculiarities  of  the  camel  tribe ; 
and  the  true  significance  of  these  will  be  better  understood  if 
we  recall  the  characters  of  the  Anoplotherium,  The  upper 
true  molars  (fig.  128)  have  two  double  crescents,  convex  in- 
wards, one  of  the  inner  ones  being  encroached  on  by  a  large 
tubercle,  m,  the  reduced  homologue  of  which  may  be  seen  in 
the  interspace  of  the  crescents  in  the  ox  and  some  other 
Ruminants  (fig.  156,  m).  The  lower  true  molars  also,  at  one 
stage  of  attrition,  form  crescentic  islands  of  enamel,  with 
the  convexity  turned  outwards,  as  in  Buminants,  the  last 
molar  having  the  accessory  crescent  behind.  The  functional 
hoofs  were   two  in  number  on    each  foot   (fig.   129),  but 

*  Regno  Animal,  torn,  i.,  p.  254. 
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must  have  resembled  those  of  the  camel  tribe  in  shape ; 
the  scaphoid  and  cuboid  of  the  tarsus  were  distinct  also,  as 
in  the  Camelidce ;  and  the  metacarpal  and  metatarsal  bones 
were  divided,  as  in  the  water  musk-deer  {Mosckus  aquiUiais), 
and  in  the  embryos  of  all  Euminants.  The  dentition  of  the 
extinct  Dichodon  (figs.  130, 131)  made  a  still  nearer  approach 
to  that  of  the  Buminants.  The  chief  distinction  of  this  and 
other  extinct  Herbivores  with  double  creecentic  molars  is  the 
completion  of  the  upper  series  of  teeth  by  well-developed 
incisors.  Bnt  the  premaxillaries  in  the  new-bom  camel  con- 
tain each  three  incisors,  one  of  which  becomes  fully  deve- 
loped. The  Cameiidm  are  hornless,  like  the  Anoplotherioids 
and  BichodoDts ;  and  mth  one  exception — the  giraffe — all 
Buminants  are  bom  without  boms. 

Thus  the  Anoplotkerium,  in  several  important  characters, 
resembled  the  embryo  Biuninant,  but  retained  throughout  life 
those  marks  of  adhesion  to  a  more  generalized  mammalian 
type.  The  more  modified  or  specialized  form  of  hoofed  animal, 
with  cloven  feet  and  ruminating  stomach,  appears  at  a  later 
period  in  the  tertiary  series. 

The  modification  of  the  upper  molars  of  the  existing  Bumi- 
nant  quadrupeds  consists  in  the  lower  and  less  pointed  lobes  of 
the  crown,  the  unworn  summits  of 
which  are  at  first  rather  trenchant, 

like  curved  blades,  than  piercing.  ° 

They  are  soon  abraded  by  mastica-  i 

tion,  and  present  the  crescentic  lobes  ' 
of  dentine  {a,6,c,rf)  shewn  in  fig. 
156.     The  transverse  double-cres- 
centic  valley  (jr,  i)  contains  a  thicker  Fig.  i  se. 

layer  of  cement,  and  forms  two  de-      ^P^'  °"^"  of  Meg^ero,. 
tached  crescents  in  worn  teeth.    The  premolars  resemble  in 
stracture  one  half  of  the  true  molars,  divided  from  within,  m, 
outwards. 
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Family — CERViDiE. 

Ciivier*  first  made  known  the  fact  of  teeth  with  the  cha- 
racter of  ruminant  molars,  and  of  portions  of  antlers^  being 
associated  with  remains  of  Mastodon  in  the  fresh-water 
beds  (probably  pliocene)  of  Montabusard,  department  of  the 
Loiret  These  early  ruminant  fossils  agreed  in  size  with  the 
roebuck ;  but  there  were  characters  shewing  that  they  dif- 
fered almost  generically  from  all  known  deer.  Subsequently 
the  entire  cranium  of  a  small  Euminant  {DorecUherium,  Kaup) 
was  found  in  the  miocene  strata  near  Eppelsheim^the  teeth  of 
which  resembled  those  described  and  figured  by  Cuvier ;  but 
the  series  being  complete,  shewed  that  the  animal  had  seven 
grinders  on  each  side  of  the  lower  jaw,  and  long  procumbent 
canines  in  the  upper  jaw.  Moreover,  the  animal  possessed, 
like  the  males  of  the  small  deer  of  India  called  **  Muntjac," 
pedunculate  antlers  as  well  as  canine  teeth.  Both  in  the 
miocene  beds  of  Ingrc^  and  Eppelsheim,  similar  fossil  antlers, 
simply  bifurcate  near  their  end,  have  been  found.  It  is  pro- 
bable that  these  which  have  been  referred  to  the  nominal 
species  Cerviis  anocerus  may  belong  to  the  Dorcatherium. 

Other  species  of  Cervidce  were,  however,  associated  with 
that  remarkable  form  in  the  miocene  period.  Dr.  Kaup 
ascribes  some  more  or  less  mutilated  antlers,  which  had 
been  shed,  to  a  species  he  calls  G.  dicranocerus.  The  beam 
rises  from  one  to  two  inches  without  sending  off  any 
branch  or  brow-antler ;  it  then  sends  oflF  a  branch  so  large 
and  so  oblique  that  the  beam  seems  here  to  bifurcate ;  the  an- 
terior prong  is,  however,  the  smallest  and  shortest  The  writer 
has  received  similar  shed  and  mutilated  antlers  from  the  red 
crag  of  Suffolk,  which  seems  to  contain  a  melange  of  brokcn- 
up  beds  of  eocene,  miocene,  pliocene,  and  post-pliocene  age.^ 

*  Ossemens  Fossiles,  4to,  torn,  iv.,  p.  104,  pL  yiii.,  figs.  5  and  6. 
t  Qaarterlj  Jour,  of  the  Geol.  Soc.,  toI.  xii.,  1856,  p.  217,  figs.  14-16. 
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The  cervine  Buniiuanta  have  been  divided  into  subgenera 
according  to  the  forms  of  the  antlers.  Of  the  group  with 
antlers  expanded  and  flattened  at  top,  of  which  the  fallow- 
deer  {Dama)  is  the  type,  no  fossil  examples  have  been  found 
in  Britain.     Cuvier  has  described  and  figured  antlers  of  great 


Fig.  157. 
Megaeerot  Hibtmicvt  (FleUtocene  niiirl). 

size  from  the  drift  gravel,  underlying  fresh-water  sandii,  marl 
and  brick-earth,  in  the  valley  of  the  Somme.  near  Abbeville, 
which,  from  the  relative  position  and  direction  of  the  brow- 
snag  and  mid-sni^;,  and  from  the  terminal  palm,  he  regards  a-s 
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a  large  extinct  species  of  fallow-deer ;  the  name  Cervus  Samo- 
nensis  has  since  heen  attached  to  this  species.  About  the 
same  period  was  represented  by  a  gigantic  species,  a  group 
{MegaceroSy  fig.  157)  characterized  by  a  form  of  antler  at  pre- 
sent unknown  amongst  existing  species  of  deer.  With  a  beam 
(6)  expanding  and  branching  towards  the  summit,  as  in  Dama, 
and  with  a  brow-tyue  (p),  this  antler  shews  also  a  back-tyne 
(bz).  Moreover,  in  antlers,  with  an  expanse  of  ten  feet  in  a 
straight  line  from  tip  to  tip,  and  which,  from  their  size  and 
form,  seem  to  have  been  developed  by  the  deer  at  its  prime, 
the  brow-tyne  expands  and  sometimes  bifurcates — a  vaiiety 
never  seen  in  the  fallow-deer,  but  which  becomes  exaggerated 
in  tlie  rein-deer  group.  The  Megaceros  Hibernicus  (fig.  157), 
is  not  only  remarkable  for  its  great  size,  but  for  the  great 
I'elative  magnitude  and  noble  form  of  its  antlers ;  it  is  the 
species  commonly  called  the  "  Irish  elk ; "  but  it  is  a  true 
deer,  intermediate  between  the  fallow  and  rein-deer;  and 
though  most  abundant  in,  it  is  not  peculiar  to,  Ireland.  In 
that  country  it  occurs  in  the  shell-marl  underlying  the 
extensive  turbaries.  In  England  its  remains  have  been 
found  in  lacustrine  beds,  brick-earth,  red  crag,  and  ossiferous 
caves.* 

The  rein-deer  {Cervus  Tarandud)  has  the  largest  propor- 
tionsd  antlers  (fig.  158)  of  any  existing  species.  The  beam  is 
somewhat  flattened  throughout,  but  expands  only  and  sud- 
denly at  its  extremity,  a  similar  expansion  characterizing  the 
brow-tyne  (br)  and  mid-tyne  (fe),  two,  three,  or  more  points 
being  developed  from  all  these  expansions  in  fully-developed 
antlers.  The  brow-tyne  is  remarkable  for  its  length.  There 
is  also  frequently  a  short  back-tyna  This  branch,  therefore, 
with  the  great  relative  size  of  the  antlers,  the  complex  brow- 
tyne,  and  the  terminal  expansion  of  the  beam,  shew  the  afiSnity 
of  the  i-ein-deer  to  the  extinct  Megaceros. 

*  Owen,  History  of  British  Fossil  Mammals,  p.  444. 
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Tlie  rein-deer  is  now  restricted  to  northern  latitudes, 
and  to  extreme  ones  in  Europe,  but  ranging  in  America  from 
the  Arctic  Circle  southward  to  the  latitude  of  Newfound- 
land, where  the  lai^e  variety  called  "  Caribou "  still  exists. 
Bein-deer  of  similar  size,  ranged  over  continental  Europe, 
appear  to  have  been  seen  by  Ciesar  in  Germany,  and  have  left 


Skull  and  antlers  ofCermu  Taraniba. 

good  evidence  of  their  existence  in  many  parts  of  England. 
The  specimen  figured  (fig.  158)  was  found  in  post-pliocene 
"  till "  at  Bibiey  iloor,  East  Dereham, 

A  large  deer,  with  subcompreased  ramified  antlers,  slightly 
expanding  at  the  base  of  the  terminal  divisions,  but  differing 
from  the  rein-deer  in  the  absence  of  the  brow-tyne,  has  left 
its  remains  in  the  post-phocene  sands  of  £i^ge,  near  P^zenas, 
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France.  It  is  the  Cervus  viariialis  of  Gervais ;  and  seems  to 
have  been  an  mtermediate  form  between  the  rein-deer  (Tar- 
andus)  and  the  elk  {Altxs).  There  is  no  existing  represen- 
tative of  this  interesting  annectant  form  of  deer. 

In  formations  of  corresponding  age  in  France,  called 
"  alluvions  volcaniques"  by  Gervais,*  fossil  antlers  of  two 
other  extinct  species  of  deer  have  been  discovered,  in  which, 
as  in  Alces,  the  brow-antler  is  absent,  but  in  which  the  beam 
does  not  expand  into  a  palm. 

In  North  America  remains  of  a  laige  deer  (Cervus  ameri- 
canus  fossilis,  Harlan),  much  resembling  the  Wapiti  (Cervus 
canadensis)  have  been  found 
in  post>-pliocene  deposits  on 
the  banks  of  the  Ohio.    In 
South  America  Dr.  Lund 
discovered  fossil  antlers  of 
two  species  in  bone-caves  in 
Brazil :  they  were  associated 
with  remains  of  an   ante- 
lope (AniUope  maquinenais, 
Lund)  of  which  gemis  no 
living  representative  is  now 
known  in  South  America. 
Of  deer  with  antlers  of 
I  the  type  of  the  existing  red- 
deer  ( C.  elapkus),  a  species 
is  indicated  in  post-pliocene 
Fig.  159.  beda  and  bone  caves  which 

AnU«r  of  EedJaar,  from  «]hvium.  Ireland,  rivalled  the  Megacmxf  in 
bulk  {StTOn^loceros  yielcEvs) ;  and  with  this  are  found,  in 
similar  places  of  deposit,  remains  of  a  red-deer  with  antlers 
equalling  or  surpassing  the  finest  that  have  been  observed 
within  the  historical  period. 

•  ZcmloRie  e(  Psicontologie  FrsnftiBe,  ita,  p,  82. 


CAMELOPARDALIDiE.  409 

Fig.  159  represents  one  of  a  pair  of  antlers  from  the  bed 
of  the  Boyne  at  Drogheda,  now  in  the  museum  of  Sir  Philip 
EgertoUy  Bart.^  which  measures  30  inches  in  length,  and 
sends  off  not  fewer  than  fifteen  branches  or  "tynes."  a 
is  the  **  brow-tyne,**  which  rises  immediately  above  the 
'•burr ;'  6  the  second,  c  the  third,  and  d  the  ''crown"  or  ter- 
minal cluster  of  tynes,  which  gave  to  the  deer  developing 
them  at  the  period  of  his  full  perfection  the  title  of  "  crowned 
hart'' 

The  little  roebuck  (Ccepreoltui),  like  the  red-deer,  appears 
from  its  fossil  remains  to  have  continued  to  exist  from  the 
prehistorical  post-pliocene  times  to  the  present  period. 

Family. — Camelofardalii)^ 

Bemedns  of  a  large  ruminant  resembling  the  Giraffe  in 
the  proportions  of  the  lower  jaw,  and  in  the  secondary  modifi- 
cations of  the  grinding  teeth,  have  been  found  in  old  pliocene 
deposits  of  the  south  of  France  and  of  Greece.  It  had  limbs 
as  long  as  those  of  the  Giraffe,  but  it  appears  to  have  been 
devoid  of  horns,  and  to  have  shewn  some  annectant  charac- 
ters with  more  normal  families  of  ruminants.  M.  Gaudry 
proposes  for  this  form,  as  exemplified  by  the  fossil  remains 
recently  discovered  at  Pikermi,  the  genus  Hdladotheriumy  to 
which  also  he  refers  the  Camelopardalis  Biturigum  of  Duver- 
noy.*    The  fossils  from  the  older  pliocene  of  the  Sewalik  hiUs, 

•  "  Comptes  Rendas  de  TAcad.  des  Sciences,"  1S60.  I  had  expressed  a 
similar  opinion  in  the  letter  cited  by  Prof.  Dayernoy  in  his  Memoir : — "  *  Dans 
ses  charactdres  lea  plus  essentiels  le  fossile  d'lssondan  approche  dayanta^  da 
genre  Girafe,  mais  diff^re  d'ane  mani^re  frappante  des  espies  ezistantes  da 
sud  et  de  Test  de  TAfrique,  et  que  ses  deviations  tendent  yers  le  sous-genre 
filan.*  Ainsi  M.  Owen  irait  encore  plus  loin  que  moi  dans  Tappreciation  des 
differences  qu'il  a  trouy^es  entre  la  Girafe  de  Nubie  et  le  fossile  d'lssoudun 
et  semblerait  vouloir  les  Clever  ft  des  charactdres  g^neriques.'*  P.  18.  Annales 
des  Sciences  Naturelles,  3d  eerie,  torn.  i.  (Zoologie),  1843,  p.  1,  pi.  2.  "  Sur 
une  machoire  de  Giraffe  fossile  d^couverte  ft  Issoudun.'* 
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referred  by  Cautley  and  Falconer  to  Canielopardodis  sivalensis 
and  Cain,  ajlnis,  may  likewise  belong  to  the  Helladotherian 
type.  These  discoveries  yield  the  main  fact  that  Giraffe-like 
ruminants  had  formerly  a  much  more  extensive  range  than 
at  the  present  day  ;  and  they  indicate,  with  other  palseonto- 
logical  evidence,  that  the  continent  of  Africa  has  undergone 
less  change  since  the  miocene  period  than  either  Europe  or 
Asia. 

Family. — AxTiLOPiDiE. 

The  most  gigantic  and  extraoi-dinary  of  the  extinct 
"hollow-horned"  ruminants  are  those  called  Sivatherium, 
from  the  Siwalik  hills,  and  Bramatherium  from  Perim  island  : 
both  from  deposits  of  the  older  pliocene  period.  The  head 
was  very  large,  broad  but  short,  and  sustained  two  pairs 
of  horns  ;  it  was  supported  on  a  short  and  powerful  neck. 
The  proportions  of  the  skull  and  cervical  vertebrae  were  the 
reverse  of  those  in  the  giraffe,  from  which  also  these  huge 
pachydermoid  antelopes  differed  in  the  homy  sheaths  of  the 
horn-cores. 

In  the  Sivathcriufii  the  hinder  pair  of  horns  was  expanded 
and  branched,  as  in  the  Antilope  furci/era.  In  the  Brama- 
therium the  front  pair  of  honis  was  the  longest  and  largest. 
The  little  Antilope  qicadricomis  of  India  is  now  the  sole 
representative  of  the  great  four-horned  ruminants  of  the  older 
pliocene  period  in  that  continent. 

Small  antelopes,  resembling  the  Grimm  of  Senegal,  have 
left  remains  in  the  miocene  of  Sansans  (A.  martiniana  and 
A,  clavata),  and  in  the  Suabian  '*mollasse"  (-4.  molassicd). 
A.  deperdita  is  from  the  older  pliocene  of  Vauchise,  and  A. 
dichotoma  from  the  newer  pliocene  of  Gers.  The  chamois 
{A,  rupricapra)  is  now  the  sole  existing  European  antelope. 
Besides  the  A.  rruiquinmsisy  already  noticed,  from  Brazil,  the 
limestone  caverns  of  that  country  have  also  yielded  remains 
of  an   antelope,  on  which  their  discoverer,  Mr.  Lund,  has 
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founded  hLs  genus  Leptotherium,    Ko  true  antelope  is  now 
known  to  exist  in  South  America. 

Family — BoviDje. 

The  earliest  known  ruminants  are  the  cervine  Dorca- 
therium  from  the  miocene  of  Eppelsheim,  and  the  antelopine 
species  from  that  of  Sansan.  The  huge  four-homed  Sivathere 
and  Bramathere  may  be  from  deposits  of  like  antiquity  in 
India.  Fossil  molars  of  the  ruminant  type  and  bovine  char- 
acter have  hitherto  been  found  only  in  beds  or  breccias  of 
pliocene  and  post-pliocene  age.  At  those  periods  in  Britain 
there  existed  a  very  large  species  of  bison  {Bison  priscus)^ 
and  a  larger  species  of  ox  (Bos  antiqwiis),  from  pliocene  fresh- 
water beds ;  whilst  a  somewhat  less  but  stiU  stupendous  wild 
ox  (Bos  primigenius)  has  left  its  remains  in  post-pliocene 
marls  of  England  and  Scotland.  With  this  was  associated  an 
aboriginal  British  ox  of  much  smaller  stature  and  with  short 
horns  (B.  lovjifrons)^  which  continued  to  exist  until  the  histori- 
cal period,  and  was  probably  the  source  of  the  domesticated 
cattle  of  the  Celtic  races  before  the  Eoman  invasion.  A  huge 
buffalo  has  left  its  remains  in  the  old  pliocene  beds  of  the 
Sewalik  hills:  those  of  a  smaller  species  (Bvhalus  antiqutiSy 
Duv.)  occur  in  the  newer  pliocene  of  Algeria.  A  buffalo, 
not  distinguishable  from  the  existing  musk  kind  (Bubalus 
7ru)schatus)y  now  confined  to  the  noi-them  latitudes  of  North 
America,  roamed  over  similar  latitudes  of  Europe  and  Asia  in 
company  with  the  hair-clad  elephants  and  rhinoceroses:  its 
remains  have  been  found  in  glacial  clay  and  drifts  in  England.* 

Order  Carnivora. 

The  quadrupeds  which  subsist  by  preying  upon  others 
co-existed  under  several  generic  and  specific  forms  with  the 

*  Owen,  Quarterly  Journal  of  Geological  Society,  vol.  xii.  (1855),  p.  124. 
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numerous  and  various  Herbivora  of  the  newer  tertiary  periods. 
A  brief  description  has  already  been  given  of  some  of  the 
singular  forms,  the  genera  of  which  are  extinct,  that  lived  in 
eocene  and  miocene  times. 

Genus  Galecynus,  Ow. — In  1829  the  fossil  skeleton  of  a 
Carnivore,  of  the  size  of  a  fox,  was  discovered  by  Sir  Soderick 
I.  Murchison  in  the  pliocene  schist  of  CEningen.  On  a  dose 
comparison  of  this  specimen,  the  writer  finds  that  the  first 
premolar  is  smaller,  and  the  third  and  fourth  larger  than  in 
the  fox,  and  all  the  teeth  are  more  close-set  and  occupy  a 
smaller  space  than  in  the  genus  Canis  ;  the  bones  of  the  feet 
are  more  robust ;  and  these,  with  other  characters,  indicate 
an  extinct  genus  intermediate  between  Canis  and  Viverrcu* 
The  unique  specimen  is  now  in  the  British  Museum. 

Genus  Feus,  L — As  it  is  by  this  form  of  perfect  Carnivore 
that  Cuvier  chiefly  illustrated  his  principle  of  the  correlation 
of  animal  structures,  it  will  be  exemplified  more  particidarly 
in  this  place,  and  by  the  aid  of  the  subjoined  cut  (fig.  160). 
The  founder  of  palaeontology  thus  enunciates  the  law  which 
he  believed  to  guide  effectively  his  labours  of  reconstructing 
extinct  species  : — 

"  Every  organized  being  forms  a  whole,  a  single  circum- 
scribed system,  the  parts  of  which  mutually  correspond  and 
concur  to  the  same  definitive  action  by  a  reciprocal  re-action. 
None  of  these  parts  can  change  without  the  others  also 
changing,  and  consequently  each  part^  taken  separately,  indi- 
cates and  gives  aU  the  others."t 

Cuvier  did  not  predicate  that  law  hy  sjih  priori  method : 
he  arrived  at  it  inductively,  and  after  many  dissections  had 
revealed  to  him  the  following  facts — the  size  and  shape  of  the 
piercing,  lacerating,  and  trenchant  teeth ;  the  mechanism  of 
the  retractile  claws,  and  of  the  joints  of  the  limb  that  wielded 

♦  See  Quarterly  Journal  of  the  Geological  Society,  vol.  iii.,  1847,  p.  65. 
t  Ossemens  Fossiles,  4to,  torn.  i.  (IS  12),  p.  58.         "^ 
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them ;  that  the  jaw  of  the  Carnivore  is  strong  by  virtue  of 
certain  proportions ;  that  it  has  a  peculiarly  shaped  and  arti- 
culated condyle,  with  a  plate  of  bone  of  breadth  and  height 
adequate  for  the  implantation  of  muscles,  with  power  to 
inflict  a  deadly  bite ;  that  those  muscles  are  of  such  magni- 
tude as  to  require  a  large  extent  of  surface  for  their  origin 
from  the  cranium,  with  concomitant  strength  and  cuiTature 
of  the  zygomatic  arch ;  the  relation  of  the  strong  occipital 
crest  and  lofty  dorsal  spines  to  vigorous  uplifting  and  retrac- 
tion of  the  head  when  the  prey  had  been  griped.  When 
Cuvier  had  recognized  these  facts,  and  studied  their  corre- 
lations in  a  certain  ntimber  of  typical  Camivora,  he  felt 
justified  in  asserting  that  "  the  form  of  the  tooth  gives  that  of 
the  condyle^  of  the  blade-bone  («),  and  of  the  claws,  just  as 
the  equation  of  a  curve  evolves  all  its  properties  ;  and  exactly 
as,  in  taking  each  property  by  itself  as  the  base  of  a  particular 
equation,  one  discovers  both  the  ordinaiy  equation  and  all  its 
properties,  so  the  claw,  the  blade-bone,  the  condyle,  the  femur, 
and  all  the  other  bones  individually,  give  the  teeth,  or  are 
given  thereby  reciprocally ;  and  in  commencing  by  any  of 
these,  whoever  possesses  rationally  the  laws  of  the  organic 
economy  will  be  able  to  reconstruct  the  entire  animaL"  The 
principle  is  so  evident,  that  the  non-anatomical  reader  will 
have  little  difl&culty  in  satisfactorily  comprehending  it  by  the 
aid  of  the  subjoined  diagram. 

In  the  jaws  of  the  lion  (fig.  160,  A,  m),  there  are  large 
pointed  teeth  (laniaries  or  canines,  c)  which  pierce,  lacerate, 
and  retain  its  prey.  There  are  also  compressed  trenchant 
teeth  (h),  which  play  upon  each  other  like  scissor-blades  in 
the  movement  of  the  lower  upon  the  upper  jaw.  The  lower 
jaw  (m)  is  short  and  strong  ;  it  articulates  to  the  skull  by  a 
transversely  extended  convexity  or  condyle  (d),  received  into 
a  corresponding  concavity  (e),  forming  a  close-fitting  joint, 
which  gives  a  firm  attachment  to  the  jaw,  but  almost  restricts 
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its  movements  to  one  plane,  as  in  opening  and  closing  the 
mouth.  The  plate  of  bone,  called  coronoid  process  (r),  which 
gives  the  surface  of  attachment  to  the  chief  biting  muscle 
(crotaphyte  or  tera})oral)  is  broad  and  high  ;  the  surface  on 

the  side  of  the  skull  (tem- 
poral fossa,  f)  from  which  that 
muscle  arises  is  correspond- 
ingly large  and  deep,  and  is 
augmented  by  the  extension 
of  ridges  of  bone  from  its  up- 
per and  hinder  periphery. 

The  bar  or  bridge  of  bone 
(zygomatic  arch)  which  spans 
across  the  muscle,  bends 
strongly  outwards  to  augment 
the  space  for  its  passage;  and 
as  it  gives  origin  to  another 
powerful  biting  muscle  (mas- 
seter),  the  arch  is  also  bent 
upwards  to  form  the  stronger 
point  of  resistance  during  the 
gripe  of  that  muscle.  From 
almost  all  the  periphery  of 
the  back  surface  of  the  skull 
there  is  a  strong  pitted  ridge^ 
affording  extensive  attach- 
ment to  powerful  muscles 
which  raise  the  head,  together 
Fig.  160.  with  the  animal's  body  which 

P«lnontological  characters  of  a  Feline  the  lion  may  have  seized  with 

Carnivore.  .  xi.-     u       i.     r 

his  jaws ;  this  beast  of  prey 
beinjf;  able  to  draw  along  the  carcase  of  a  bufialo,  and 
with  ease  to  raise  and  bear  off  the  body  of  a  man.  If  we 
next  extlmine  the  framework   of  the  fore,  limb,  which   is 
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associated  with  the  above-defined  structure  of  the  skull,  we 
find  that  the  fore  paw  consists  of  five  digits  (1-5) ;  the 
innermost  and  shortest  (1)  answering  to  our  thumb,  and 
having  two  bones;  the  other  four  digits  having  each  three 
bones  or  "  phalanges."  All  those  digits  enjoy  a  certain  free- 
dom of  motion  and  power  of  reciprocal  approximation  for 
grasping;  but  their  chief  feature  is  the  modification  of  the 
terminal  phalanx,  which  is  enlarged,  compressed,  subtriangular, 
and  more  or  less  bent ;  with  a  plate  of  bone,  as  it  were,  re- 
flected forwards  from  the  base,  beyond  which  the  pointed  termi- 
nation of  the  phalanx  projects  like  a  peg  from  a  sheath.  A 
powerful,  compressed,  incurved,  sharp-pointed,  hard,  homy 
claw  is  fixed  upon  that  peg,  its  base  being  firmly  wedged  into 
the  interspace  between  the  peg  and  the  sheath.  The  toe-joint 
so  armed  is  retractile.  This  complex,  prehensile,  and  destruc- 
tive paw  is  articulated  to  the  two  bones  of  the  fore  leg 
(radius,  71,  and  ulna,  u) ;  they  are  both  strong,  are  both  distinct, 
are  firmly  articulated  to  the  arm-bone  (A)  by  a  joint,  which, 
although  well  knit,  allows  great  extent  and  freedom  of  motion 
in  bending  and  extension;  and,  besides  this,  the  two  bones 
are  reciproctdly  joined  so  as  to  rotate  on  each  other,  or  rather 
the  radius  upon  the  ulna,  carrying  with  it,  by  the  greater 
expansion  of  its  lower  end,  the  whole  paw,  which  can  thus  be 
turned  "prone"  or  "supine;"  whereby  its  application  as  an 
instrument  for  seizing  and  tearing  is  greatly  advantaged.  The 
humerus  or  arm-bone  QC)  is  remarkable  for  the  extension  of 
strong  ridges  from  the  outer  and  inner  sides,  just  above  the 
elbow-joint  These  ridges  indicate  the  size  and  force  of 
the  supinator,  pronator,  flexor,  and  extensor  muscles  of  the 
paw.  To  defend  the  main  artery  and  nerve  of  the  fore  leg 
from  compression  during  the  action  of  these  muscles,  a  bridge 
of  bone  {a)  spans  across  them.  The  upper  end  of  the  arm- 
bone  is  equally  well  marked  by  p6werful  ridges  for  muscular 
implantation,  especially  for  the  deltoid;   but  these  ridges 
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do  not  project  beyond  the  round  "head"  of  the  bone,  so  as  to 

impede  its  movements  in  the  socket. 

The  blade-bone  (scapula  s)  is  of  great  breadth,  with  well- 
developed  processes  (spine^ 
acromion,  and  coracoid)  for 
muscular  attachments ;  the 
size  and  shape  of  this  bone 
relate  closely  to  the  volume 
of  the  muscles  which  operate 
upon  the  arm-bone  and  fore 
limb.  A  small  clavicular  bone 
(h)  is  interposed  between  a 
muscle  of  the  head  and  one 
of  the  arm,  giving  additional 
force  and  determination  of 
action  reciprocally  to  both 
muscles. 

Such  are  some  of  the  modi- 
fications of  the  teeth  and  frame- 
work of  a  beast  of  prey,  which 
concur,  and  were  deemed  by 
Cuvier  to  be  correlated,  in  the 
organization  of  such  animals. 
Let  us  compare  them  with 
those  of  the  corresponding 
parts  in  an  ox  (fig.  161).  The 
teeth  answering  to  the  great 
laniaries  in  the  lion  are  absent ; 
at  most,  one  recognizes  the 

PateontologicalcharaciersofaRumi-  ^OmologueS   of  the  lower  ca- 

nant^Bos).  nines,  reduced    in    size  and 

altered  in  shape,  so  as  to  form  the  outer  teeth  (c)  of  a  bent 
row  of  incisors  terminating  the  lower  jaw.  The  back  teeth 
(k)  instead  of  being  trenchant,  have  broad  and  flat  crowns. 
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roughened  with  hard  ridges,  opposing  each  other  with  a  grind- 
ing action,  like  mill-stones.  The  lower  jaw  is  long  and  slender ; 
it  articulates  to  the  skull  by  a  flat  condyle  (rf),  admitting  of 
rotary  movements  upon  a  flattened  articular  surface  on  the  skull, 
and  limiting  the  extent  of  opening  and  shutting  the  mouth.  The 
coronoid  process  (r)  is  very  slender,  and  the  fossa  which  marks 
the  size  of  the  temporal  muscle  {()  is  correspondingly  small. 
The  zygomatic  arch  (o)  is  short  and  feeble,  and  its  span  is  nar- 
row ;  it  is  almost  straight,  or  with  a  slight  bend  downwards. 
The  parts  of  the  skull  (pterygoid  plates)  which  afford  attach- 
ment to  the  rotating  muscles  of  the  jaw,  and  the  (angular)  part 
(/)  of  the  jaw  into  which  they  are  inserted,  are  of  great  extent. 

The  ox  masticates  grass  with  great  efliciency ;  it  inflicts 
no  injury  to  other  animals  with  its  teeth.  The  horns  are  its 
weapons,  and  they  are  chiefly  defensive. 

The  fore  foot  of  the  ox  is  reduced  to  two  principal  toes, 
with  two  rudimentary  ones  dangling  behind.  Each  of  these 
has  its  extremity  enveloped  by  a  thick  homy  case,  or  hoof; 
this  modification  is  accompanied  by  a  junction  or  coalescence 
of  the  radius  (n)  and  idna  (w),  preventing  reciprocal  rotation 
or  movement  of  those  bones  on  each  other ;  by  a  joint 
restricting  the  movement  of  the  fore  arm  (antibrachium)  upon 
the  arm  (brachium  or  humerus,  h)  to  one  plane ;  by  a  long  and 
narrow  blade-bone  (s),  with  a  stunted  coracoid  and  no  clavicle ; 
in  short,  by  modifications  adapting  the  limb  to  perform  the 
movements  required  for  locomotion,  and  almost  restricting  it  to 
such.  This  type  of  fore  limb  is  always  associated  with  broad 
grinding  teeth,  and  with  the  modifications  of  jaw  and  skull 
above  defined.  The  due  amount  of  observation  assured  Cuvier 
that  these  several  modifications,  like  the  contrasted  ones  in 
the  Camivora,  were  correlated,  and  he  enumerates  the  physio- 
logical grounds  of  that  correlation. 

These  grounds  may  be  traced  to  a  certain  degree  in  the 
secondary  modifications  of  the   carnivorous   order.      If  the 

2  £ 
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retractibility  of  the  cUvs  be  suppressed,  the  camassiality  of 
the  teeth  is  reciprocally  modified.  If  the  unguiculate  foot  is 
reduced  from  the  digitigrade  to  the  plantigrade  type,  the  denti- 
tion is  still  more  altered,  and  made  more  subservient  to  a  mixed 
diet.  Secondary  modifications  of  the  ungulate  foot  have 
corresponding  changes  in  the  structure  of  the  skull  and  teeth. 

By  the  ftppHcation  of  the  correlative  principle  to  the  fossil 
mammalian  remains  of  pliocene  and  latter  deposits,  the  He^ 
bivora  have  been  distinguished  from  the  Camivora;  and  out 
of  the  latter  have  been  reconstructed  extinct  species  of  the 
feline,  viverrine,  ursine,  and  other  families  of  the  order. 

In  England  and  contiueutal  Europe  a  peculiarly  destructive 
feline  quadruped  existed,  with  the  upper  canines  much  elon- 
gated, trenchant,  sharp-pointed,  sabre-shaped,  whence  the  name 
Machairodus  proposed  for  this  feline  sub-genu&  It  was  repre- 
sented by  species  as  large  as  a  lion  (jtf.  cuHridena*  and  M. 
laiidens);  and  by  others  of  the  size  of  a  leopard  {M.palmideni 
and  M.  jnegantereon).  Thia  fonn  of  Feline  first  appears  in  the 
miocene  of  Auvergne  and  of  Eppelsheim ;  next  in  the  pliocene 
of  the  Yal  d'Amo ;  and  finally  in  cave  breccia  in  Devonshire. 
Species  of  Machairodus  have  been  found  in  the  Fampa's  deposits, 
in  Brazilian  bone-caves,  and  in  the  Sewalik  tertiaries  of  India. 

The  penultimate  tooth  in  the  upper  jaw  and   the  last 

»  tooth  in  the  lower  jaw  of  the 

felines,  were  denominated  by 

i  Cuvier    "dents    camasaieres." 

The  camassial  or  sectorial  is  a 

t  ^  very  characteristic  tooth  in  the 

Working  inrface  of  the  upper  Bcctori&l  camivorous  Order,  bat  onder- 

'    '  goes  many  modifications,  and 

preserves  its  typical  form,  as  represented  in  figures  162  and 

163,  only  in  the  most  strictly  flesh-feedit^  species.     In  it 

n  bii  "  litUra  tvn*  »I.  Kg.  Prof. 


may  be  diatingaislied  the  part  called  the  "  blade "  (fig.  1 62, 
b,  b),  and  the  part  called  the   "tubercle"   (Q.     The   lower 
sectorial  in  the  genus  Felia  consists  exclusively  of  the  blade 
(fig.    163),    which    i8    pretty    equally 
divided  into  two  lobes.     The  blade  of 
the  upper  sectorial  always  plays  upon 
the  outside,  and  a  little  in  advance,  of 
the  lower  eectorial. 

The  upper  sectorial  succeeds  and 
displaces  a  deciduous  tubercular  molar 
in  all  Camivora,  and  is,  therefore,  essen- 
tially a  premolar  tooth ;  the  lower  sec- 
torial comes  up  behind  the  deciduous 
series  and  has  no  immediate  predeces- 
sor; it  is,  therefore,  a  true  molar,  and  ^g- 1^- 

the  first   of   that  class.      The   sectorial  Bide  view  of  lower  .eotorisl 
,  1     ■        1  .     .  „      toolh,  Lion.    Nat.  size. 

teeth  present  gradational  varieties  of 
form  in  the  carnivorous  series,  from  Maehairodus,  in  which  the 
crown  consists  exclusively  of  the  "blade"  in  both  jaws,  to 
Ursta  (fig.  1C4,  m  i).  i"  which  it  is  totally  tubercular ;  the 


Fig.  154. 
Dentition  of  the  Beu-  (fmu). 

development  of  the  tubercle  bearing  an  inverse  relation  to  the 
carnivorous  propensities  of  the  species. 
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The  finest  examples  of  the  large  pleistocene  lion  {Felis 
spelcra)  have  been  discovered  in  bone-caves — e.(/,y  in  those  of 
Banwell,  Somersetshire,  and  of  Belgium.  The  production  of 
the  apex  of  the  nasal  pi-ocess  of  the  maxillary,  as  far  back 
as  that  of  the  nasal  bone,  proves  this  species  to  have  been  a 
lion,  not  a  tiger.  It  roamed  over  pliocene  and  post-pliocene 
Europe,  and  has  left  its  remains  in  many  stratified  deposits 
of  the  former  period  in  Britain. 

Under  similar  circumstances  have  been  found,  more 
abundantly  in  Germany,  the  remains  of  the  gigantic  bear 
{Ursus  spclccus);  and,  more  abundantly  in  England,  those  of 
the  great  hya?na  {Hyccna  sjyelcca),  probably  a  spotted  one, 
like  the  fierce  "  Crocuta"  of  the  Cape.  Wolves,  foxes,  badgers, 
otters,  wolverines,  and  martin-cats,  foumarts  and  weasels, 
have  left  their  remains  in  the  newer  tertiary  deposits  and 
bone  caves.  Bats,  moles,  and  shrews,  were  then,  as  now, 
the  forms  that  preyed  upon  the  insect  world  in  Europe.  The 
majority  of  these  Camivora,  like  the  hares,  rabbits,  voles,  and 
other  Eodents,  are  not  distinguishable  from  the  species  which 
still  exist  These  smaller  unguiculate  Mammals,  like  the 
smaller  pliocene  Ruminants,  seem  to  have  survived  those 
changes  during  which  the  larger  species  perished  It  is  pro- 
bable that  the  horse  and  ass  are  descendants  of  species  of 
pliocene  antiquity.  There  is  no  certain  character  by  which 
the  present  wild  boar  can  be  distinguished  specifically  from 
the  Sm/ossilis,  which  was  contempoiary  with  the  mammoth. 

Order  Rodentia. 

This  order  includes  an  extensive  series  of  small  Mammals 
in  which  a  single  pair  of  laige,*?urved,  ever-growing  incisors 
in  each  jaw  is  associated  with  many  other  peculiarities  of 
structure.  These  incisors  (fig.  165,  ^)  separated  by  a  wide 
inter^^al  from  a  short  series  of  molars,  characterize  the* 
whole  order  of  Rodents  ]  the  single  exceptional  family,  Lepor^ 


Fig.  165. 
Skull  and  leelli  of  a  Porcupine 
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idar,  including  hares,  rabbits,  and  Picas  or  tailless  hares  of 
Siberia,  retaining  a  second  minute  incisor  behind  each  of  the 
larger  ones  in  the  upper 
jaw. 

Some    parts    of    the 
skeleton,  and  more  espe- 
cially the  dentition  of  the 
I'odent  order,  are  highly 
characteristic — the  form 
of  the  articular  surface 
for  the  lower  jaw,  which 
is  a  longitudinal  groove, 
— the  molars,  especially 
of  the  phytiphagoua  kinds,  crossed  by  enamel  plates  more  or 
less  transverse — these,  with  the  long,  curved,  chisel-shaped  in- 
cisora,  two  in  each  jaw,  suffice  to  determine  the  ordinal  rela- 
tions of  the  fossil.     The  incisora  alone  would  not  be  always 
so  safe  a  guide,  for  the  rodent  modification  of  these  teeth  is 
repeated  in  the  marsupial  wombat  and  the  lemurine  aye-aye. 

The  small  size  of  the  great  majority  of  the  species  of  this 
order  leads  to  the  neglect  or  the  oversight  of  their  fossil 
remains  by  the  labourers  in  quarries  and  other  deposits  of 
stone,  to  whom  the  palieontologist  is  usually  indebted  for  his 
first  acquaintance  with  characteristic  fossils  of  such  forma- 
tions. No  evidence  has  yet  been  obtained  of  any  unequivocal 
remains  of  a  rodent  aniinal  in  strata  more  ancient  than  the 
eocene  tertiary  deposits.  Cuvier  detected  remains  of  Kodents 
allied  to  the  dormouse  (jl/ytufeis)  and  squirrel  (Sdunts)  in  the 
eocene  building-stone  of  the  Montmartre  quarries  near  Paris. 
The  lacustrine  marls  of  the  middle  (miocene)  tertiary  period 
have  yielded  evidences  of  not  fewer  than  eleven  genera  of 
Eodentia  distinct  from  any  now  known  to  exist  The  deposits 
at  Eppelsheim,  near  Uarmstadt^  of  the  same  miocene  age,  have 
given  evidence  of  Kodents  akin  to  the  marmot  and  the  beaver. 
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The  more  recent  tertiary  formations  and  the  bone-caves  in 
England  have  furnished  fossQ  remains  not  distinguishable 
from  the  existing  beaver,  hare,  and  rabbity  water-vole  and 
field-vole,  as  well  as  remains  of  a  Pica,  or  tailless  hare,  belong- 
ing to  the  genus  LagomySy  and  of  a  very  large  £odent»  akin 
to  the  beaver,  called  TrogorUherium,  Similar  fossil  remains 
have  been  abundantly  foimd  in  the  pliocene  and  later  forma- 
tions of  continental  Europe,  including  representatives  of  the 
genus  Hystrix,  or  fossil  porcupines  (fl.  refossa,  Ger.),  from  the 
pliocene  of  Issoire.  The  coeval  deposits  of  America  have 
yielded  fossil  remains  of  extinct  species  belonging  to  genera 
— €.  (/,,  Lagostomiis,  Uchimys,  Ctenomy^,  Ccelogenys,  and  other 
Cavies — now  restricted  to  South  America.  In  North  America, 
fossil  i-emaius  of  a  Rodent  (Casterotdes)  of  comparatively 
gigantic  size  have  recently  been  discovered. 

The  great  beaver  (Trogonlherium)  seems  to  have  become 
extinct  in  England  and  the  Europaoo-Asiatic  continent  before 
the  historical  period ;  whilst  the  smaller  pliocene  beaver  con* 
tinned  to  exist  with  us,  like  the  wol^  until  himted  down  by 
man.  It  still  survives  in  a  few  of  the  great  continental  rivers. 
Of  the  little  Lagomys  of  our  ossiferous  caves  no  living 
example  remains  in  either  England  or  Europe.  The  species, 
indeed,  may  be  extinct :  its  genus  is  now  limited  to  Central 
and  Southern  Asia. 

GEOGRAPHICAL  DISTRIBUTION  OF  PLEISTOCENE  MAMMALS. 

A  most  interesting  generalization  has  been  educed  from 
the  mass  of  facts  relating  to  the  fossil  Mammals  of  the  later 
tertiaries — viz.,  the  close  correspondence  between  the  fauna  of 
those  and  of  the  present  periods  in  the  Europseo-Asiatic  ex- 
panse of  dry  land.  In  this  expanse  species  continue  to  exist  of 
nearly  all  those  genera  which  are  represented  by  pliocene  and 
post-pliocene  mammalian  fossils  of  the  same  natural  continent^ 
and  of  the  immediately  adjacent  island  of  Great  Britain. 
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The  bear  has  its  haunts  iu  both  Europe  and  Asia ;  the 
beaver  of  the  Bhone  and  Danube  represents  the  great  Trogon- 
therium ;  the  lagomys  and  the  tiger  exist  on  both  sides  of 
the  Himalayan  mountain  chain ;  the  hyaena  ranges  through 
Syria  and  Hindostan ;  the  Bactrian  camel  typifies  the  huge 
Merycotherium  of  the  Siberian  drift ;  the  elephant  and  rhino- 
ceros are  still  represented  in  Asia,  though  they  are  now  con- 
fined to  the  south  of  the  Himalayas.  The  true  macacques  are 
peculiar  to  Asia,  and  though  most  abundant  in  the  southern 
parts  of  the  continent  and  the  Indian  Archipelago,  also  exist 
in  Japan;  a  closely-allied  sub-genus  {Inuui)  is  naturalized 
on  the  rock  of  Gibraltar  at  the  present  day.  A  fossil  species 
of  Macacus  was  associated  with  the  elephant  and  rhinoceros 
in  England  during  the  period  of  the  deposition  of  the  newer 
pliocene  fresh-water  beds.  The  more  extraordinary  extinct 
forms  of  Mammalia,  called  Elasmotherium  and  Sivatheriumy 
have  their  nearest  existing  pachydermal  and  ruminant  ana* 
logues  in  the  same  continent  to  which  these  fossils  are  pecu- 
liar. Cuvier  places  the  Elasmothere  between  the  horse  and 
rhinoceros.  The  existing  four-homed  antelopes,  like  their 
gigantic  extinct  analogues,  the  Sivathere  and  Bramathere,  axe 
peculiar  to  India.  It  may  be  regarded  as  part  of  the  same 
general  concordance  of  geographical  distribution,  that  the 
genus  Hippopotamus^  extinct  in  England,  in  Europe,  and  in 
Asia,  should  continue  to  be  represented  in  Africa,  and  in 
none  of  the  remoter  continents  of  the  earth — Africa  also  hav- 
ing its  hysena,  its  elephant,  its  rhinoceros,  and  its  great  feline 
Carnivores.  The  discovery  of  remains  of  Hyama  crocutOy  now 
peculiar  to  Africa,  and  of  Elephas  afiieantLSy  in  bone-caves  of 
Sicily,  and  the  shallowness  of  the  sea  stretching  from  that 
island  towards  Africa,  indicate  the  course  of  submergence  of 
part  of  the  land  once  connecting  Africa  with  Europe.  The 
Helladotherium  of  Greece,  and  other  extinct  species  of  CarruUh 
pardalis  in  both  Europe  and  Asia,  of  which  genus  the  sole 
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existing  representative  is  now,  like  the  hippopotamus,  confined 
to  Africa,  adds  to  the  propriety  of  regarding  the  three  conti- 
nuous continental  divisions  of  the  Old  World  as  forming,  in 
respect  to  the  geographical  distribution  of  the  pliocene,  post- 
pliocene,  and  recent  mammalian  genera,  one  great  natural 
province.  The  only  lai-ge  edentate  animal  {Pangolin  gigan- 
tcs(im^  Cuvier ;  Macrotherinmy  Lartet)  hitherto  found  in  the 
tertiary  deposits  of  Europe,  manifests  its  nearest  affinities  to 
the  genus  Man  is,  which  is  exclusively  Asiatic  and  African. 

Extending  the  comparison  between  the  existing  and  the 
latest  of  the  extinct  series  of  Mammalia  to  the  continent  of 
South  America,  it  may  be  first  remarked  that,  with  the  excep- 
tion of  some  carnivorous  and  cervine  species,  no  representa- 
tives of  tlie  above-cited  mammalian  genera  of  the  Old  World 
of  the  geographer  have  yet  been  foimd  in  South  America. 
Buffon  *  long  since  enunciated  a  similar  generalization  with 
regard  to  the  existing  species  and  genera  of  Mammalia ;  it  is 
almost  equally  true  in  respect  of  the  fossil.  Not  a  relic  of  an 
elephant,  a  rhinoceros,  a  hippopotamus,  a  bison,  a  hya?na,  or 
a  lagomys,  has  yet  been  detected  in  the  caves  or  the  more 
recent  tertiary  deposits  of  South  America.  On  the  contrary, 
most  of  the  fossil  Mammalia  from  those  formations  are  as  dis- 
tinct from  the  Europoeo- Asiatic  forms  as  they  are  closely  allied 
to  the  peculiarly  South  American  existing  genera  of  Mammalia. 

The  genera  EquvSy  Tapints,  and  the  still  more  ubiquitous 
Mastodon,  form  the  chief,  if  not  sole  exceptions.  The  repre- 
sentation of  Equus  during  the  pliocene  and  postr-pliocene 
periods  by  distinct  species  in  Asia  {E.  primigenius)  and  in 
South  America  {E.  curvide)is\  is  analogous  to  the  geographical 
distribution  of  the  species  of  Tapinis  at  the  present  day. 

South  America  alone  is  now  inhabited  by  species  of  sloth, 
of  armadillo,  of  cavy,  aguti,  ctenomys,  and  platyrrhine  monkey ; 
but  no  fossil  remains  of  a  quadruped  referable  to  any  of  these 

♦  Hiutoirc  Naturellc,  torn,  ix.,  p.  13,  4to,  1758. 
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genera  have  yet  been  discovered  in  Europe,  Asia,  or  Africa. 
The  types  of  Bradypus  and  Dasypm  were,  however,  richly 
represented  by  diversified  and  gigantic  specitic  forms  in  South 
America  during  the  geological  periods  immediately  preceding 
the  present.  The  skeleton  of  one  of  these  forms  of  the  sloth 
tribe  is  represented  in  fig.  166;  it  measures,  from  the  fore 


Fig.  166. 
Extiact  TerreBlrisl  Sloth,  Myhdon  vofituliu  (Pleislocene,  S.  America), 

part  of  the  skull  to  the  end  of  the  tail,  11  feet.  It  was  dia- 
covered  buried  12  feet  deep  in  the  fluviatile  deposits  seven 
leagues  north  of  the  city  of  Buenos  Ayres  in  the  year  1841. 
It  forms  the  subject  of  a  work  entitled.  Description  of  the 
Skeleton  of  an  Extinct  Gigantic  Sloth  (Mylodon  robuttug)*  in 
which  are  set  forth  in  detail  the  grounds  for  regarding  it  as  a 
member  of  the  same  natural  famQy  as  the  present  small  arbo- 
real sloth,  and  as  being  modified  to  obtain  its  leafy  food  by 
uprooting  and  prostrating  trees. 

A  still  larger  species  of  terrestrial  sloth   (Megatherium, 
Cuv.)  co-existed  with  the  Mylodon  in  South  America.     Its 

•  4tn,  IH42,  V»D  Voont. 
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skeletou,  now  complete  in  the  British  Museum,  measoTes  18 
feet ;  its  dentition  agrees  as  to  number  and  kind  of  teeth 
with  that  of  the  sloths  {Bradt/pua).  But  tlie  molars  (fig.  167) 
are  longer,  more  deeply  implanted,  of  more  complex  structure 
and  with  grinding  surfaces  of  the  bilophodont  type.     The 


Kg.  167. 
Section  of  upper  molar  loath,  Megaiheriwn  (oM-tbird  nat.  iiie),  Pleiitoccne, 

Soutli  America. 

elephants,  which  subsist  on  similar  food  to  that  of  the  M^a- 
therium,  had  their  grinding  machineiy  maintained  by  a  nume- 
rous succession  of  teeth :  the  same  end  was  attained  in  the 
Megatherium,  by  a  constant  growth  and  renovation  of  the 
same  teeth.  The  formative  pulps  were  lodged  in  the  deep 
basal  cavities,  exposed  in  the  section  figured  (fig.  167,  p).  The 
molar  teeth  were  five  in  number  on  each  side  of  the  upper 
jaw,  and  four  in  number  on  each  side  of  the  lower  jaw  (fig. 
168).  In  this  bone  the  fore  part  ia  much  prolonged,  and 
grooved  above,  to  support  a  long,  cylindrical,  powerfully  mus- 
cular tongue,  by  which  the  Megatherium,  like  the  gira£fe. 


MEGATHERIUM.  427 

stripped  off  the   Bia&ll   branches   of  the   trees   its  colossal 
strei^th  enabled  it  to  prostrate.    The  dentition  of  Mylodon 
differed  from  that  of  Megatherium  only  in  the  shape  of  the 
teeth.    The  same  may  be  said  of  the  allied  genera  Megtdonyx 
and  Scelidotherium :   the  former  is  re- 
markable for  the  expanse  of  its  heel- 
bone,  the  latter  for  the  breadth  of  its 
thigh-bone.     They   were    all    contem- 
porary and  locally  associated  genera  of 
the  same  extinct  family  of  great  ter- 
restrial sloths. 

In  like  manner,  the  small  loricated 
and  banded  quadrupeds  of  South  Ame- 
rica, called  armadillos,  were  represented 
iu  pleistocene  times  in  that  continent 
by  as  well-defended  species,  rivalling 
the  Megatberioids  in  bulk.  The  speci- 
men of  the  almost  entire  skeleton  and 
bony  armour  (fig.  169)  is  of  one  of  the 
smaller  species  of  these  great  extinct 
non-banded  armadillos ;  yet  it  measures 

from  the  snout  to  the  end  of  the  tail,        ^    ''"' '"'' 

Lower  jkw  and  teeth  of 
followmg  the  curve  of  the  back,  9  feet;  Megatherium  (Pleistocene, 
the  tesselated  trunk-armour  being  5  feet  "       menoj. 

in  length  and  7  feet  across,  following  the  curve  at  the  middle 
of  the  back.  These  large  extinct  species  difier  from  the 
modem  armadillos,  in  having  no  bands  or  joints  in  their  coat 
of  mail,  for  the  purpose  of  contracting  or  bending  the  body 
into  the  form  of  a  ball  They  also  differ  in  the  fluted  form 
of  the  teeth  (fig,  170);  whence  the  generic  name  {Qlypto- 
don)  assigned  to  them.  The  species  are  distinguished,  like 
their  present  puny  representatives  (_Dasypits),  by  peculiar 
patterns  of  the  outer  surface  of  the  constituent  ossicles  of 
the  tesselated  mail.    In  those  of  the  species  figured  (G.  da- 
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rijies),  a.  lai^-e  mised  teiitral  circular  plat«  ie  surroundeJ  by 
tiiuallur  jtortitnis.  The  sjji'cics  named  G.  rdiculatus,  G.  tvber- 
ailahiii,  G.  onuitvn,  eti\,  lii\e  their  names  from  other  modi- 
ticatiuim  uf  the  sculptured  surface  of  tbeir  ai-uiuur.  Above 
tbo  jtriiK-ipal  (iyim-  in  cut  lfi9  are  shewn  the  front  and  back 


Fig.  169. 
ArraaUillo  (Otyplodon  clavipa). 


margins  of  the  body-armour;  below  it,  opposit*  the  left  baud, 
are  upper  aud  under  views  of  the  cranium,  which  was  defended 
by  a  tesselftted  bony  casque.  The  tail  also  had  its  indepen- 
dent osseous  sheath,  supported  by  the  vertebnE  within,  as 
shewn  in  the  figure  opposite  the  right  hand. 

Tojxdon*  Macr»uchenia,f  and  Protopiihecus,\  are  additional 
evidences  of  extinct  South  American  Mammals,  matched  only 
by  species  now  peculiar  to  that  continent 

Australia  in  like  manner  yiehls  evidence  of  an  analogous 
con'espondence  between  its  last  extinct  and  its  present  abori- 
ginal mammalian  fauna,  which  is  the  more  interesting  on 
accouut  of  the  very  peculiar  organization  of  most  of  the 

•  Owen,  "FosihI  Mammnlia  r-flhc  Vnjagc  ofllie  BfBgle."  4to,  1839. 

t  lb.  ^  I.iinil,  Annalca  des  Sciences  Kat.,  !d  boHcs,  lorn,  liii.,  p.  313. 


native  quadrupeds  of  that  division  of  the  globe.     That  the 
.Marsupialia  form  one  great  natural  group,  is  now  generally 
admitted  by  zoologists;  the  representatives  in  that  group  of 
many  of  the  orders  of  the  more  extensive  placental  division 
of  the  Mammalia  of  the  lai^er  continents 
have  also  been  recognized  in  the  existing 
genera  and  species :   the  dasyures,  for  ex- 
ample, play  the  parts  of  the  Camiv&ra,  the 
bandicoots  {Peramele-s)  of  the  Insectivora,  the 
phalangers  of  the  Quadrumana,  the  wombat 
of  the  Eodentia,  and  the   kai^roos,  in  a 
i-emoter   degree,  that   of  the   Ruminantia. 
The  first  collection  of  mammalian   fossils 
from   the   ossiferous    caves   of  Australia*  i 
brought  to  light  the  former  existence   on 
that  continent  of  lai^r  species  of  the  same 
peculiar  marsupial  genera :  some  as  the 
Tkyladne,  and  the  dasyurine  sub-genus  re-  , 
presented  by  the  D.  ursinvs,  are  now  extinct 
on  the  Australian  continent,  but  one  species 
of  each  still  exists  on  the  adjacent  island 
of  Tasmania ;  the  rest  were  extinct  wombats, 
phalangers,  potoroos,  and  kangaroos — some 
of  the  latter  {Macrtypm  Atlas,  M.  Titan)  „ 

being  of  great  stature.     A  single  tooth,  in  , 

,  11       .  1.    ..      ..  don  davipes),  1  i-^iB- 

the   same    coUeotlon   of   fossils,   gave   the     loccne,  South  Ame- 

first  indication  of  -the  former  existence  of  ""*■ 
a  type  of  the  marsupial  group,  which  represented  the  Pachy- 
derms of  the  larger  continents,  and  which  seems  now  to 
have  disappeared  from  the  face  of  the  Australian  earth. 
Of  the  great  quadruped,  so  discriminated  by  the  writer,  under 
the  name  Diprotodon  in  1838,  successive  subsequent  acquisi- 

■  MiicheH'B  (Sir  TIiob.)  Three  Expedrtions  into  Ihs  Inlerior  ot  Auatralia, 
Svo,  1838,  vol.  ii.,  p.  3fit). 


430  PAL/fiONTOLOur. 

tions  have  established  the  true  marsupial  character  and 
the  near  affioities  of  the  genus  to*  the  kangaroo  (Macropus), 
but  with  an  osculant  relationship  with  the  heibivorous 
wombat  The  entire 'skull  of  the  Diprotodon  AustrcUis  (fig. 
171)  has  lately  been  acquired  by  the  British  Museum,  shew- 
ing in  siiu  the  tooth  (t)  on  which  the  genua  was  founded. 
This  skull  measures  3  feet  in  length;  that  of  a  man  is 
inserted  in  the  cut  to  exemplify  the  huge  dimensions  of  the 


} 


Fig.  171. 
Skull,  gigaotic  Fachjdermoid  Kangaroo  {Diprotodon  Atitlralu)  PleiBtoccDe, 

primeval  kangaroo.  Like  the  contemporaiy  gigantic  sloth  in 
South  America,  the  Diprotodon  of  Australia,  while  retaining 
the  dental  formula  of  its  living  homologue,  shews  great  and 
remarkable  modifications  of  its  limbs.  The  bind  pair  were 
much  shortenexl  and  strengthened,  compared  with  those  of  the 
kangaroo ;  the  fore  pair  were  lengthened  as  well  as  strength- 
ened ;  yet,  as  in  the  case  of  the  M^atherium,  the  ulns  and 
radius  were  maintained  free,  and  so  articulated  as  to  give  the 
fore  paw  the  rotatory  actions.  These  in  Diprotodon,  would  be 
needed,  as  in  the  herbivorous  kangaroo,  by  the  economy  of 
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the  marsupial  pouch.  The  dental  formula  of  Diprotodon 
was  i  ^,  c  ^,  p  J^,  m.  ^  ■=  28,*  and,  as  in  Ma^^opus  major, 
the  first  of  the  grinding  series  (p)  was  soon  shed ;  tut  the 
other  four  two-rit^d  teeth  were  longer  retained,  and  the 
front  upper  incisor  (i,  i)  was  very  large  and  scalpriform,  as  in 
the  wombai  The  zygomatic  arch  sent  down  a  process  for 
augmenting  the  origin  of  the  masseter  muscle,  as  in  the 
kangaroo.  The  foregoing  skull,  with  parts  of  the  skeleton, 
of  the  Diprotodon  Australia,  were  discovered  in  a  lacustrine 
deposit,  probably  upper  pliocene,  intersected  by  creeks,  in  the 
plains  of  Darling  Downs,  Australia. 

The  same  formation  has  yielded  evidence  of  a  somewhat 
smaller  extinct  herbivorous  genus  (Not(^• 
th^um),  combining  with  essential  affi-  . 
nities  to  Macropus,  some  of  the  characters  1 
of   the    Koala    (Phaseolarcius).-^      The 
writer  has  recently  communicated  de- 
scriptions and  6gures  of  the  entire  skull  ^e- 1'^. 


PhaacoUrmys  was  represented,  at  the  plio 
cene  period  in  Australia,  by  a  wombat  (P.  giga^  of  the 
magnitude  of  a  tapir,  one  of  the  grinding  teeth  of  which  is 
figured,  of  the  natural  size,  in  fig.  172. 

The  pliocene  marsupial  Camivora  presented  the  usual 
relations  of  size  and  power  to  the  Herbivora,  whose  undue 
increase  they  had  to  check.  Fig.  173  represents  an  almost 
entire  skull,  with  part  of  the  lower  jaw  of  an  animal  rivalling 
the  lion  in  size,  the  morsupiality  of  which  is  demonstrated  by 
the  position  of  the  lacrymal  foramen  (/)  in  front  of  the  orbit; 
by  the  palatal  vacuity  (o),  by  the  loose  tympanic  bone,  by  the 

•  &«ethktof  Jfoeropiu,  expltiDed  in  Enc;.  Brit.,  artJcle  Odontology,  p.  449.. 
t  "Beport  OD  tbe  extinct  UmodwIi  of  Anitralit,"  Tnoi.  of  Brit.  Asmc.,' 
1844. 

t  Qakrterlj  Joamal  of  th«  Qeol.  Soc.,  pt.  it.,  1666. 
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development  of  the  tympanic  bulla  in  the  aiisphenoid,  by  the 
very  small  relati\-e  size  of  the  brain,  and  by  other  characters 
detailed  in  the  Thilosojjl ileal  Transactions"*  for  1859,  The 
camnpsial  t<M)th  f/i)  is  2  inches  3  lines  in  longitudinal  extent, 
or  nearly  double  the  size  of  that  in  the  lion.  The  upper 
tubercular  tooth  (>ii,  i)  resembles  in  its  smallness  and  i>osition 
that  in  the  placental  Felines.     But  in  the  lower  jaw  the  car- 


Fig,  173. 

Skull  of  ft  lai^e  extinct  Mareupial  Carnivore  ( ThyUmt^  atnifti), 

Pleielocene,  Australia. 

1  (p)  is  succeeded  by  two  very  small  tubercular  teeth 

(m  I  and  i),  as  in  Plagiaulax  (fig.  93,  p.  332) ;  and  there  is  a 

socket  close  to  the  symphysis  of  the  lower  jaw  of  Thylacolco 

which  indicates  that  the  canine  may  have  terminated  the 

•  "On  the  Foflsil  MammalH  of  Auatrnlio.      Pari  I.     Poncriplioii  of  the 
TkylaeoUo  eamifex."    Bj-  Prof.  Onen,  fir. 
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dental  series  there,  and  have  afforded  an  additional  feature  of 
resemblance  to  the  Plagiaulax. 

The  foregoing  are  some  of  the  more  interesting  illustra- 
tions of  the  law,  that  *'  with  extinct  as  with  existing  Mam- 
malia, particular  forms  were  assigned  to  particular  provinces, 
and  that  the  same  forms  were  restricted  to  the  same  pro- 
vinces at  a  former  geological  period  as  they  are  at  the 
present  day.**  That  period,  however,  was  the  more  recent 
tertiary  one. 

In  carrying  back  the  retrospective  comparison  of  existing 
and  extinct  Mammcds  to  those  of  the  eocene  and  oolitic  strata, 
in  relation  to  their  local  distribution,  we  obtain  indications 
of  extensive  changes  in  the  relative  position  of  sea  and  land 
during  these  epochs,  in  the  degree  of  incongruity  between  the 
generic  forms  of  the  Mammalia  which  then  existed  in  Europe 
and  any  that  actuaUy  exist  on  the  great  natural  continent  of 
which  Europe  now  forms  part  It  would  seem,  indeed,  that 
the  further  we  penetrate  into  time  for  the  recovery  of  ex- 
tinct Mammalia,  the  further  we  must  go  into  space  to  find 
their  existing  analogues.  To  match  the  eocene  Palseotheres 
and  Lophiodons  we  fetch  Tapirs  from  Sumatra  or  South 
America,  and  we  must  travel  to  the  antipodes  for  Myrmeco- 
bians,  the  nearest  living  analogues  to  the  Amphitheres  of  our 
oolitic  strata. 

On  the  problem  of  the  extinction  of  species  little  can  be 
said;  and  of  the  more  mysterious  subject  of  their  coining  into 
being,  nothing  definite  or  demonstrative  at  present  As  a 
cause  of  extinction  in  times  anterior  to  man,  it  is  most  reason- 
able to  assign  the  chief  weight  to  those  gradual  changes  in  the 
conditions  affecting  a  due  supply  of  sustenance  to  animals  in 
a  state  of  nature  which  must  have  accompanied  the  slow  alter- 

*  Owen,  Report  on  the  Extinct  Mammals  of  Australia,  Tranii.  Brit.  Associa- 
tion, 1844. 
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nations  of  land  and  sea  brought  about  in  the  seons  of  geological 
time.  Yet  this  reasoning  is  applicable  only  to  land-animals ; 
for  it  is  scarcely  conceivable  that  such  operations  can  have 
affected  sea-fishes. 

There  are  characters  in  land  animals  rendering  them  more 
obnoxious  to  extirpating  influences,  which  may  explain  why 
so  many  of  the  larger  species  of  particular  groups  have  become 
extinct,  whilst  smaller  species  of  equal  antiquity  have  sur- 
vived. In  proportion  to  its  bulk  is  the  difiBculty  of  the  con- 
test which,  as  a  living  organism,  the  individual  of  such 
species  has  to  maintain  against  the  surrounding  agencies 
that  are  ever  tending  to  dissolve  the  vital  bond,  and  subjugate 
the  living  matter  to  the  ordinary  chemical  and  physical 
forces.*    Any  changes,  therefore,  in  such  external  agencies  as 

*  The  inflaence  of  the  contest  for  existence,  amidst  the  changes  of  the  cir- 
camstances  to  which  an  animal  has  been  adapted,  on  the  extinction  of  species, 
was  first  propoanded  by  the  author  in  his  fourth  memoir  on  Dinamitf  1S50 
(Trans,  of  the  Zool.  Society,  voL  iv.,  p.  15).  The  same  principle  has  since  been 
evoked  to  explain  not  only  the  extinction  but  the  origin  of  species. 

Mr.  Wallace,*  assumes  that  a  Tariety  may  arise  in  a  wild  species,  adapting  it  to 
changes  in  surrounding  conditions,  under  which  it  has  a  better  chance  of  existence 
than  the  type-form  from  which  it  deviated,  and  of  which  it  would  take  the  place. 

Mr.  Charles  Darwin  had,  previously  to  Mr.  Wallace,  conceived  the  same 
application  of  this  principle,  which  he  illustrates  in  his  work  "  On  the  origin  of 
Species,*'  by  many  ingenious  suppositions,  such  as  the  following: — "To  give 
an  imaginary  example  from  changes  in  progress  on  an  island — ^let  the  organi- 
sation of  a  canine  animal  which  preyed  chiefly  on  rabbits,  but  sometimes  on 
hares,  become  slightly  plastic ;  let  these  same  changes  cause  the  number  of 
rabbits  very  slowly  to  decrease,  and  the  number  of  hares  to  increase ;  the  efiect 
of  this  would  be  that  the  fox  or  dog  would  be  driven  to  try  to  catch  more  hares ;  bis 
organization,  however,  being  slightly  plastic,  those  individuals  with  the  lightest 
forms,  longest  limbs,  and  best  eyesight,  let  the  difference  be  ever  so  small, 
would  be  slightly  favoured,  and  would  tend  to  live  longer,  and  to  survive  daring 
that  time  of  the  year  when  food  was  scarcest ;  they  would  also  rear  more  youn^, 
which  would  tend  to  inherit  these  slight  peculiarities.  The  less  fleet  ones 
would  be  rigidly  destroyed.  I  can  see  no  more  reason  to  doubt  that  these  causes 
in  a  thousand  generations  would  produce  a  marked  effect,  and  adapt  the  form 
of  the  fox  or  dog  to  the  catching  of  hares  instead  of  rabbits,  than  that  grey- 
hounds can  be  improved  by  selection  and  careful  breeding."  f    Yet  this  con- 

*  Proceedings  of  the  Linneean  Society,  Augnst  1858,  p.  57. 
t  Proceedings  of  the  Linnsan  Society,  August  1858,  p.  49. 
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a  species  may  have  been  origiiially  adapted  to  exist  in,  will 
militate  against  that  existence  in  a  degree  proportionate  to 
the  bulk  of  the  species.  K  a  dry  season  be  gradually  pro- 
longed, the  large  Mammal  will  suffer  from  the  drought  sooner 
than  the  small  one;  if  such  alteration  of  climate  affect  the 
quantity  of  vegetable  food,  the  bulky  Herbivore  will  iBrst  feel 
the  effects  of  stinted  nourishment ;  if  new  enemies  be  intro- 
duced, the  large  and  conspicuous  animal  will  fall  a  prey, 
while  the  smaller  kinds  conceal  themselves  and  escape.  Small 
quadrupeds  are  more  prolific  than  large  ones.  Those  of  the 
bulk  of  the  Mastodons,  Megatheres,  Glyptodons,  and  Diproto- 
dons  are  uniparous.  The  actual  presence,  therefore,  of  small 
species  of  animals  in  countries  where  larger  species  of  the 
same  natural  families  formerly  existed,  is  not  the  consequence 
of  degeneration — of  any  gradual  diminution  of  the  size  of  such 
species — ^but  is  the  result  of  circumstances  which  may  be  il- 
lustrated by  the  fable  of  the  **oak  and  the  reed ;"  the  smaller 
animals  have  bent  and  accommodated  themselves  to  changes 
to  which  the  larger  species  have  succumbed. 

That  species,  or  forms  so  recognized  by  their  distinctive 
characters  and  the  power  of  propagating  them,  have  ceased  to 
exist,  and  have  successively  passed  away,  is  a  fact  no  longer 
questioned.  That  they  have  been  exterminated  by  exceptional 
cataclysmal  changes  of  the  earth's  surface  has  not  been  proved 
That  their  limitation  in  time,  in  some  instances  or  in  some 

dition  of  things,  if  followed  out  to  its  full  consequences,  seems  to  lead  only 
to  my  original  inference,  viz.,  an  extinction  of  species ;  for,  when  the  hares 
were  all  destroyed  the  long-legged  dogs  would  perish.  At  most  there  could 
but  be  a  reversion  to  the  first  form  and  conditions.  For,  as  the  hares 
decreased  in  number,  that  of  the  rabbits  would  increase;  the  changes  of 
organization  that  fitted  the  dog^  for  catching  hares  being  such  as  would  detract 
from  their  power  of  unearthing  rabbits.  A  variety  with  a  shorter  and  stronger 
foot  might  arise,  and  would  be  the  first  to  profit  by  the  preponderance  of  the 
burrowing  rodbuts.  The  individual  dogs  with  the  strongest  and  shortest  limbs, 
let  the  difference  be  ever  so  small,  would  be  slightly  favoured,  live  longer,  rear 
more  young  inheriting  the  rabbit-catching  peculiarities ;  the  less  fossorial  varie- 
ties would  be  rigidly  destroyed,  etc.    It  is  an  argument  in  a  circle. 
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measure,  may  be  due  to  constitutional  changes  accumulating 
by  slow  degrees  in  the  long  course  of  generations,  is  possible ; 
but  all  hitherto  observed  causes  of  extirpation  point  either 
to  continuous  slowly  operating  geological  changes,  or  to  no 
greater  sudden  cause  than  the,  so  to  speak,  spectral  appear- 
ance of  mankind  on  a  limited  tract  of  land  not  before  inhabited. 
It  is  most  probable,  therefore,  that  the  extinction  of  species, 
prior  to  man's  presence  or  existence,  has  been  due  to  ordinary 
causes — ordinary  in  the  sense  of  agreement  with  the  laws  of 
never-ending  mutation  of  the  geographical  and  climatal  con- 
ditions on  the  earth's  surface.  The  si)ecies,  and  individuals 
of  species  least  adapted  to  bear  such  influences,  and  incapable 
of  modifying  their  organization  in  agreement  therewith,  have 
perished.  Extinction,  therefore,  on  this  hypothesis,  implies 
the  want  of  self-adjusting  power  in  the  individuals  of  the 
species  subject  thereto. 

But  admitting  extinction  as  a  natural  law,  which  has 
operated  from  the  beginning  of  life  under  specific  forms  of 
plants  and  animals,  it  might  be  expected  that  some  evidence 
of  it  should  occur  in  our  own  time,  or  within  the  historical 
period.  Reference  has  been  made  to  several  instances  of  the 
extirpation  of  species,  certainly,  probably,  or  possibly,  due  to 
the  direct  agency  of  man.  The  hook-billed  parrot  (Nestor 
produdvs)  of  Philip's  Island,  west  of  New  Zealand,  is,  perhaps, 
the  latest  instance  of  this  kind.  But  this  cause  avails  not  in 
the  question  of  the  extinction  of  species  at  periods  prior  to 
any  evidence  of  human  existence ;  it  does  not  help  us  in  the 
explanation  of  the  majority  of  extinctions,  as  of  the  races  of 
aquatic  Invertebrata  and  Vertebrata  which  have  successively 
passed  away. 

The  Great  Auk  (A  lea  impenniSy  L.)  seems  to  be  rapidly 
verging  to  extinction,  if  it  be  not  exterminated ;  and  that  not 
wholly,  as  in  the  case  of  the  dodo  and  dinomis,  by  the  hand 
of  man.     Some  of  the  geological  changes  affecting  circum- 


EXTINCTION  OF  SPECIES.  437 

stances  favourable  to  the  well-being  of  the  Alca  impeaniSj 
have  been  matters  of  observation.  An  estimable  naturalist, 
the  late  John  Wolley,  Esq.,  who  visited  Iceland  in  1858,  in- 
formed me  that  the  last  great  auks  known  with  anything 
like  certainty  to  have  been  seen  living,  were  two  which  were 
taken  in  184J4  during  a  visit  made  to  the  high  rock,  called 
"Eldey,"  or  **  Meelsoekten,"  lying  off  Cape  Keykianes,  the 
S.  W.  point  of  Iceland.  This  is  one  of  three  principal  rocky 
islets  formerly  existing  in  that  direction,  of  which  the  one, 
specially  named  from  this  rare  bird  "  Geirfugla  Sker,"  sank 
to  the  level  of  the  surface  of  the  sea  during  a  volcanic  disturb- 
ance in  or  about  the  year  1830.  Such  disappearance  of  the 
fit  and  favourable  breeding-places  of  the  Alca  impennis  must 
form  an  important  element  in  its  decline  towards  extinction. 
The  numbers  of  the  bones  of  Alca  impennis  on  the  shores  of 
Iceland,  Greenland,  and  Denmark,  attest  the  abundance  of  the 
bird  in  former  times. 

Within  the  last  century,  academicians  of  Petersburg  and 
good  naturalists  described  and  gave  figures  of  the  bony  and 
the  perishable  parts,  including  the  alimentary  canal,  of  a  large 
and  peculiar  fucivorous  Sirenian — an  amphibious  animal  like 
the  Manatee,  which  Cuvier  classified  with  his  herbivorous 
Cetacea,  and  called  Stellencs,  after  its  discoverer.  This  animal 
inhabited  the  Siberian  shores  and  the  mouths  of  the  great 
rivers  there  disemboguing.  It  is  now  believed  to  be  extinct^ 
and  this  extinction  appears  not  to  have  been  due  to  any  special 
quest  and  persecution  by  man.  We  may  discern  in  this  fact 
the  operation  of  changes  in  physical  geography,  which  have  at 
length  so  affected  the  conditions  of  existence  of  the  Stdleria 
as  to  have  caused  its  extinction.  Such  changes  had  operated, 
at  an  earlier  period,  to  the  extinction  of  the  Siberian  elephant 
and  rhinoceros  of  the  same  regions  and  latitudes :  a  future 
generation  of  zoologists  may  have  to  record  the  final  disappear- 
ance of  the  Arctic  buffalo  {Ovibos  moschatus).    Remains  of 
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Ovibos  and  Stellems  shew  that  they  were  contemporaries  of 
Elephas  primigcnius  and  Rhinoceros  tichorhiniis. 

But  recent  discoveries  indicate  that  in  the  case  of  these 
and  other  extinct  quadrupeds  *  a  rude  primitive  human  raxje 
may  have  finished  the  work  of  extennination,  begun  by  ante- 
cedent and  more  general  causes. 

On  the  land  made  dry  after  the  boulder-clay  period  of 
the  glacial  climate  of  the  now  temperate  latitudes  of  Europe, 
roamed  the  hair-clad  elephant,  under  the  varieties  called 
antiquus  and  primigeniuSy  the  ptychorhinoceros,  the  spelaean 
lion,  bear,  and  hynena,  huge  species  of  bison,  oxen,  deer,  with 
the  musk-buffalo  and  rein-deer :  on  this  latest  land  a  rude  and 
primitive  race  of  men  were  their  contemporaries.  The  shells 
of  both  marine  and  fresh-water  mollusks  (in  the  sands  and 
gravel-beds  containing  evidences  of  the  above-associated  mam- 
mals) are  of  the  species  still  living  in  contiguous  seas  and  rivers. 

Flint  weapons,  called  "  celts,"  have  been  discovered  in  beds 
of  sand  and  gravel,  containing  remains  of  the  mammoth  and 
other  extinct  post-glacial  beasts,  in  the  valley  of  the  Somme 
near  Abbeville  and  Amiens,, at  different  periods,  from  the 
year  1838  (Boucher  de  Perthes,  **Antiquit&  celtiques  et 
antediluvienneSj"  Paris,  1 847)  to  the  present  time. 

These  evidences  of  the  human  species  have  been  extracted 
from  the  deposits  in  question,  by  Mr.  Prestwich,  gravel  pit  at 
St.  Acheul  (**  17  feet  from  the  surface  in  undisturbed  ground," 
•*  Proceedings  of  the  Eoyal  Society,"  May  26,  1859);  by  Mr. 
Flower  (*'20  feet  from  the  surface,  in  a  compact  mass  of 
gravel,''  *'  Times,''  November  18, 1859) ;  by  M.  Gaudry  ("Lln- 
stitut^"  October  5, 1859) ;  and  by  M.  Gteo.  Pouchet, — all  with 
their  own  hands  in  the  course  of  the  year  1859. 

*  Lartet,  *'  Sar  une  ancienne  station  humaine  avec  nSpiilture  contemporaine 
dee  grands  mammif^res  fossiles  reputes  caract^ristiques  de  la  dernicre  periode 
gfiologiqne."    Bulletin  de  la  Soc.  Philomath.     Paris,  Mai,  1861. 
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The  formations  following  each  other  from  the  surface,  in 
sections  at  St.  Acheul,  are  the  following : — 

Feet.   iDches. 

a.  Surface  soil  .  .  .  .  .08 

h.  Brown  loam  in  four  layers  of  different  shades,   12       2 
c.  White  siliceous  sand  and  light-coloured  marl, 
with  fine  chalk  grit  and  patches  of  flint 
gravel  .  .  .  .  .     4     10 

cL  Coarse  subangular  flint-gravel,  with  mam- 
malian remains  and  flint  implements  dis- 
persed throughout,  but  chiefly  at  the  lower 
part  .  .  .  .50 
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In  the  deposit  d,  have  been  found,  at  St  Acheul,  remains 
of  Elephaa  primigenivs,  Rhinoceros  tichorhimi^  Equus  fossUiSy 
Bos  primigenitcs,  Cervus  somonmsis  ;  at  Abbeville,  also,  Cermts 
tarandvs  priscuSy  Felis  spelceay  Hycena  spelceay  Ursus  spelasus  ; 
at  St.  Boch,  Elephas  antiqtcvs  and  Hippopotamus  major. 

Flint  weapons  of  the  same  large  size  and  rude  fabrication 
as  those  found  in  the  gravel  bed  d,  at  St  Acheul,  were  dis- 
covered by  Mr.  John  Frere,  F.RS.  ("  Archeologia,"  voL  xiii, 
**  An  account  of  flint  weapons  discovered  at  Hoxne  in  Suffolk," 
1800)  in  a  bed  of  flint  gravel,  16  feet  below  the  surface,  of  the 
same  post-glacial  age  as  that  in  the  valley  of  the  Somme. 

Flint  weapons  have  been  discovered  in  many  caves  mixed 
indiscriminately  with  the  bones  of  the  extinct  cave-bear  and 
rhinoceros.  One  in  particular  was  met  with  beneath  a  fine 
antler  of  a  rein-deer,  with  a  femur  of  the  cave-bear,  imbedded 
in  the  superficial  stalagmite  in  the  bone-cave  at  Brixham, 
Devonshire,  during  the  careful  exploration  of  that  cave  con- 
ducted by  a  committee  of  the  Geological  Society  of  London  in 
1858  and  1859. 

Dr.  Falconer,  F.G.S.,  has  communicated  (**  Proceedings  of 
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the  Geological  Society,"  June  22,  1859)  the  results  of  his 
examination  of  ossiferous  caves  in  Palermo ;  and  in  respect 
to  the  "Maccagnone  cave,"  he  draws  the  following  inferences  : — 
That,  **  it  was  filled  up  to  the  roof  within  the  human  period, 
so  that  a  thick  layer  of  bone  splinters,  teeth,  land-shells, 
coprolites  of  hyaena,  and  human  objects,  was  agglutinated  to 
the  roof  by  the  infiltration  of  water  holding  lime  in  solution  ; 
that  subsequently  and  within  the  human  period,  such  a  great 
amount  of  change  took  place  in  the  physical  configuration  of 
the  district  as  to  have  caused  the  cave  to  be  washed  out, 
and  emptied  of  its  contents,  excepting  the  flooivbreccia  and 
the  patches  of  material  cemented  to  the  roof,  and  since  coated 
with  additional  stalagmite."     (P.  136.) 

After  close  examination  of  most  of  these  instruments, 
including  the  one  discovered  by  Mr.  Flower,  I  am  satisfied 
that  they  are  the  result  of  design,  and  the  work  of  human 
hands. 

The  colouring  of  the  fashioned  flints  perfectly  accords 
with  that  of  the  accidentally  broken  flints  in  the  same  gravel- 
bed,  indicating  an  equal  period  of  rest  in  such  bed.  In 
regard  to  the  geological  characters  of  these  *  celt -bearing 
deposits,  their  most  experienced  investigator  *  states :  — 
•*  Although  closely  related  to  the  present  configuration  of  the 
surface,  they  are  always,  more  or  less,  independent  of  it ;" 
and  although  *'  they  are  often  near  present  lines  of  drainage, 
yet  they  could  not,  as  a  whole,  possibly  have  been  formed 
under  their  operation."  Sir  Charles  Lyell  infers,  from  the 
phenomena  of  the  deposits  containing  the  flint  implements 
and  mammalian  remains,  ^considerable  osciUations  in  the 
level  of  the  land  in  that  part  of  France,  Slow  movements 
of  upheaval  and  subsidence,  deranging  but  not  wholly  dis- 

*  Joseph  Preatwich,  Esq.,  F.R.S.,  "  On  the  Occurrence  of  FHnt  Implements, 
associated  with  the  Remains  of  Animals  of  Extinct  Species  in  Beds  of  a  late 
Geological  Period,  in  France  at  Amiens  and  Abbeville,  and  in  England  at 
lloxne."     Philos.  Transactions,  vol.  150,  1860,  p.  277. 
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placing  the  course  of  ancient  rivers.^  *  But  Mr.  Prestwich, 
in  respect  to  the  same  valley-deposits,  remarks,  that,  "although 
often  indicating  considerable  age,  they  show  rates  of  growth, 
which,  though  variable,  appear,  upon  the  whole,  to  have  been 
comparatively  rapid."  And  I  fully  concur  with  him  In  the 
conclusion,  that  the  present  evidence  does  not  necessitate  the 
carrying  back  the  date  of  man,  in  past  time,  so  much  as 
bringing  forward  of  the  extinct  post-glacial  animals  towards 
our  own  time. 

As  to  the  successive  appearance  of  new  species  in  the 
course  of  geological  time,  it  is  first  requisite  to  avoid  the 
common  mistake  of  confounding  the  propositions,  of  species 
being  the  result  of  a  continuously  operating  secondary  cause, 
and  of  the  mode  of  operation  of  such  creative  cause.  Biolo- 
gists may  entertain  the  first  without  accepting  any  current 
hypothesis  as  to  the  second.  That  the  species  of  the  miner- 
alogist and  the  botanist  should  be  owing — the  one  to  a 
natural,  the  other  to  a  supernatural  force — the  one  to  the 
operation  of  a  second  cause,  the  other  to  the  direct  inter- 
ference of  a  first  cause,  is  not  probable.  The  nature  of  the 
forces  operating  in  the  production  of  the  cells  of  a  lichen  may 
not  be  so  clearly  understood  as  those  which  arranged  the  atoms 
of  the  crystal  on  which  the  lichen  spreads.  "  Whether  an  inde- 
pendent, free-moving,  and  assimilating  organism,  of  the  grade  of 
structure  of  a  germ-cell,  may  not  arise  by  a  coDocation  of  par- 
ticles through  the  operation  of  a  force  analogous  to  that  which 
originally  formed  the  germ-cell  in  the  ovarian  stroma,  is  a 
question  worthy  all  care  and  pains  in  its  solution."  f  Pouchet 
has  contributed  valuable  evidence  of  such  production,  under 
external  influences,  of  species  of  Protozoa,  t    With  regard  to 

•  "  Address,"  etc.,  on  opening  the  Section  of  Geology  at  the  Meeting  of  the 
British  Association  at  Aherdeen,  September  15,  1859. 

f  President's 'Address  on  the  opening  of  the  Meeting  of  the  British  Asso- 
ciation at  Leeds,  1858. 

X  Ileterogenie,  8vo,  1859. 
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the  species  of  higher  organisms,  distinguishable  as  plants  and 
animals,  their  origin  is  as  yet  only  matter  of  speculation. 

Buffon*  regarded  varieties  as  particular  alterations  of 
species,  which  illustrated  the  mutability  of  species  themselves. 
He  held  that  most  of  the  so-called  species  in  the  linnaean 
system  were  but  so  many  evidences  of  the  progressive  degrees 
of  change  which  had  been  superinduced  by  time  and  successive 
generations,  and  chiefly  by  degradation  from  a  primordial  type. 
Applying  this  principle  to  the  quadrupeds  of  which  he  had 
given  the  history  in  his  great  work,  he  believed  himself  able 
to  reduce  them,  with  the  exception  of  a  few  insulated  forms, 
to  a  very  small  number  of  primitive  stocks,  of  which  he 
enumerates  **  fifteen." 

Mr.  Darwin,  in  the  work  above  cited,  is  led  to  believe  that 
**  animals  have  descended  from  at  most  only  four  or  five  pro- 
genitors, and  plants  from  an  equal  or  lesser  number.  Ana- 
logy,**  he  adds, "  would  lead  me  one  step  further,  namely,  to  the 
belief  that  all  animals  and  plants  have  descended  from  some  one 
primordial  form,  into  which  life  was  first  breathed*  (p.  414). 

Lamarck  t  rejects  even  this  limitation  of  the  supematuial 
act  whereby  **  certain  elemental  atoms  had  been  commanded 
suddenly  to  flash  into  living  tissues"  (Darwin,  p.  483);  and  with 
a  more  consistent  trust  in  the  potentiality  of  second  causes,  he 
conceives  that  the  simplest  single-celled  organisms  are  ever  in 
course  of  being  formed  out  of  their  elemental  atoms.  These 
stand  in  the  place  of  Darwin's  primordial  created  forms.  The 
progress  of  transmutation  and  development  is  onwards,  in  a 
direction  the  reverse  of  Bufibn's.  Adverting  to  observed 
ranges  of  variation  in  certain  species,  Lamarck  affirms  that  such 
variations  proceed  and  keep  pace  with  the  continued  operation 
of  the  causes  producing  them ;  that  such  changes  of  form  and 
structure  induce  corresponding  changes  in  actions,  and  that  a 

*  Histoire  Naturelle,  Degeneration  deR  Animaaz,  torn,  xiv.,  p.  311. 
f  '*  PhiloBophie  Zoologique,'*  8vo.,  1809. 
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change  of  actions,  when  habitual,  becomes  another  cause  of 
altered  structure  ;  that  the  more  frequent  employment  of  cer- 
tain parts  or  organs  leads  to  a  proportional  increase  of  develop- 
ment of  such  parts ;  and  that  as  the  increased  exercise  of  one 
part  is  usually  accompanied  by  a  corresponding  disuse  of 
another,  this  very  disuse,  by  inducing  a  proportional  degree 
of  atrophy,  becomes  an  additional  element  in  the  progressive 
mutation  of  organic  forms. 

Another  theorist  calls  to  mind  the  instances  of  sudden 
departure  from  the  specific  type,  manifested  by  a  malformed 
or  monstrous  offspring,  and  quotes  the  instances  in  which  such 
malformations  have  lived  and  propagated  the  deviating  struc- 
ture. He  notes  also  the  extreme  degrees  of  change  and  of 
complexity  of  structure  undergone  by  the  germ  and  embryo 
of  a  highly  organized  animal  in  its  progress  to  maturity.  He 
speculates  on  the  influence  of  premature  birth,  or  on  a  some- 
what prolonged  foetation,  in  establishing  the  beginning  of  a 
specific  form  different  from  that  of  the  parent 

Darwin  and  Wallace,  to  explain  the  origin  of  species, 
combine  the  principle  of  **the  contest  for  existence"  with 
those  of  "  accidental  variety,"  "  inherited  variety,"  and  **  the 
influence  of  external  circumstances  and  internal  adaptability," 
as  co-efficients  in  altering  specific  characters.  Each  theorist 
invokes  the  requisite  duration  of  time. 

But  observation  of  the  actual  change  of  any  one  species 
into  another,  through  any  or  all  of  the  above  hypothetical 
transmuting  influences,  has  not  yet  been  recorded.  And  past 
experience  of  the  chance  aims  of  human  fancy,  unchecked 
and  unguided  by  observed  facts,  shews  how  widely  they  have 
ever  glanced  away  from  the  gold  centre  of  truth. 

Facts  that  oppose  some  of  the  surmises  on  the  origin  of 
species  have  been  elsewhere  pointed  out  by  the  writer.*    The 

*  Description  of  the  skull  of  the  Troglodytes  gorilla,  Feb.  1848.    Trans. 
Zool.  Soc.,  vol.  iii.,  p.  414. 
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generalisations,  based  on  rigorous  and  extensive  observation  of 
facts,  which  have  impressed  him  with  a  conviction  of  a  con- 
tinuously operative  secondary  creational  power,  originating 
the  succession  of  species,  are  the  following:  that  of  irrela- 
tive or  vegetative  repetition  ;*  that  of  unity  of  plan,  aa 
demonstrated  in  the  articulate f  and  vertebrate}  types  of 
oi-ganisation  ;  the  facts  of  congenital  varieties ;  the  pheno- 
mena of  parthenogenesis ;  §  the  analogies  of  transitory  embry- 
onal stages  in  a  higher  animal,  to  the  mature  forms  of  lower 
animals  ;  the  great  paJaiontological  fact  of  the  successive 
coming  in  of  new  species,  from  the  period  of  the  oldest  de- 
posits in  which  organic  remains  have  been  found;  such 
species  being  limited  in  time,  and  never  reappearing  after 
once  dying  out ;  the  many  instances  of  retention  of  structures 
in  palaeozoic  species,  which  are  embryonal  and  transitory  in 
later  species  of  the  same  order  or  class ;  the  progressive  de- 
parture from  a  general  to  a  special  type,  as  exemplified  in 
the  series  of  species  from  their  first  introduction  to  the  pre- 
sent time. 

The  inductive  demonstration  of  the  nature  and  mode  of 
operation  of  such  secondary  continuously  operative  species- 
producing  force  will  henceforth  be  the  great  aim  of  the 
philosophical  naturalist. 

The  Table  (fig.  1 74)  expresses  the  sum  of  the  observations, 
at  the  present  date,  on  the  successive  appearance  and  geolo- 
gical relations  of  the  several  orders  of  the  Mammalian  class. 

The  earliest  evidences  are  of  small  species,  which,  when- 
ever they  have  presented  grounds  for  ordinal  determination, 

*  Owen,  Lectures  on  the  Livertebrats,  8vo.,  1843,  p.  364. 

f  Savignj,  Animaax  Inverterbres  d'Egypte,  Descr.  de  I'Egypt,  4to.,  vols, 
xxii  and  xxiii,  1827. 

X  Owen  on  the  Vertebrate  ArchetyjM),  8vo.,  1848.  On  the  Nature  of  Limbs, 
8vo.,  1849. 

g  Owen  on  ParthenogenesiR,  8vo,  1849. 
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have  proved  to  belong  to  the  low  organized  Marsupialia.  The 
doubt,  when  it  has  existed,  lies  between  this  and  the  Insecti- 
vorous order,  also  low  in  the   class  according  to  cerebral 

Table  of  Gbological  Distribution  of  Makmals. 
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characters.*  One  example  only,  from  Stonesfield  oolite,  the 
StereognathttSy  may  prove  to  be  a  minute  Ungulate,  as  is  indi- 
cated by  the  note  of  interrogation  imder  Perissodactyla.  The 
similar  mark,  under  Cetacean  refers  to  the  fossil,  probably 
washed  out  of  an  Upper  Oolitic  bed,  mentioned  at  p.  355.  The 
Marsupialia  recur,  under  distinct  generic  forms,  in  the  eocene 
strata,  and,  according  to  actual  knowledge,  presented  their 
fullest  development  in  post-pliocene  times,  more  especially  in 
Australia.  The  orders  Bruta^  Perissodactyla^  and  Camivordy 
have  become  reduced  in  numbers ;  the  Probosddia  still  more 
so ;  the  representatives  of  the  singular  group  Toxodontia  have 
wholly  disappeared. 

The  sum  of  the  evidence  which  has  been  obtained  seems 
to  prove  that  the  successive  extinction  of  MicroksteSj  Amphi- 
tJieriay  Spalacotheria,  Triconodons,  and  other  mesozoic  forms 
of  mammals,  has  been  followed  by  the  introduction  of  much 
more  numerous,  varied,  and  higher-organized  forms  of  the 
class,  during  the  tertiary  periods. 

*  Owen,  "  On  the  Classification  and  Geographical  Distribntion  of  the  Mam- 
malia," Svo,  1859. 
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It  has  been,  however,  objected  that  negative  evidence  can- 
not satisfactorily  establish  the  proposition  that  the  mammaliaii 
class  is  of  late  introduction,  nor  prevent  the  conjecture  that  it 
may  have  been  as  richly  represented  in  primary  and  more 
ancient  secondary  as  in  tertiary  times,  could  we  but  get  re- 
mains of  the  terrestrial  fauna  of  their  successive  continents.* 
To  this  objection  it  may  be  replied :  in  the  palaeozoic  strata, 
which,  from  their  extent  and  depth,  indicate,  in  the  earth's  ex- 
istence as  a  seat  of  organic  life,  a  period  as  prolonged  as  that 
which  has  followed  their  deposition,  no  trace  of  mammals  has 
been  observed.  Were  mammals  peculiar  to  dry  land,  such 
negative  evidence  would  weigh  less  in  producing  conviction  of 
their  non-existence  during  the  Silurian  and  Devonian  aeons, 
because  the  explored  part«  of  such  strata  have  been  deposited 
from  an  ocean,  and  the  chance  of  finding  a  terrestrial  and  air- 
breathing  creature's  remains  in  oceanic  deposits  is  very  remote. 
But  in  the  present  state  of  the  warm-blooded,  aiivbreathing; 
viviparous  class,  no  genera  and  species  are  represented  by 
such  numerous  and  widely-dispersed  individuals,  as  those  of 
the  order  Cetacean  which,  under  the  guise  of  fishes,  dweU,  and 
can  only  live,  in  the  ocean. 

In  all  Cetacea  the  skeleton  is  well  ossified,  and  the  vertebrae 
are  very  numerous  :  the  smallest  Cetacean  would  be  deemed 
large  amongst  land-mammals ;  the  largest  sui^asses  in  bulk 
any  creatures  of  which  we  have  yet  gained  cognizance  I  the 
hugest  ichthyosaur,  iguanodon,  megalosaur,  mammoth,  or 
megathere,  is  a  dwarf  in  comparison  with  the  modem  whale 
of  a  hundred  feet  in  lengtL 

During  the  period  in  which  we  have  proof  that  Cetacea 
have  existed,  the  evidence  in  the  shape  of  bones  and  teeth, 
which  latter  enduring  characteristics  in  most  of  the  species 
are  peculiar  for  their  great  number  in  the  same  individual, 
must  have  been  abundantly  deposited  at  the  bottom  of  the 

*  Lyell,  "  Anniyersary  Address,"  Geol.  Soc.,  1851,  pp.  51-57. 
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sea ;  and  as  cachalots,  grampuses,  dolphins,  and  porpoises  are 
seen  gambolling  in  shoals  in  deep  oceans,  far  from  land,  their 
remains  will  form  the  most  characteristic  evidences  of  verte- 
brate life  in  the  strata  now  in  course  of  formation  at  the 
bottom  of  such  oceans.  Accordingly,  it  consists  with  the 
known  characteristics  of  the  cetacean  class  to  find  the  marine 
deposits  which  fell  from  seas  tenanted,  as  now,  with  verte- 
brates of  that  high  grade,  containing  the  fossil  evidences  of 
the  order  in  vast  abundance. 

The  red  crag  of  Suffolk  and  Essex  contains  petrified  frag- 
ments of  the  skeletons  and  teeth  of  various  CetaceOy  in  such 
quantities  as  to  constitute  a  great  part  of  that  source  of  phos- 
phate of  lime  for  which  the  red  crag  is  worked  for  the  manu- 
facture of  artificial  manure.  The  scanty  and  dubious  evidence 
of  Cetacea  in  secondary  beds  seems  to  indicate  a  similar  period 
for  their  beginning  as  for  the  softnscaled  cycloid  and  ctenoid 
fishes  which  have  superseded  the  ganoid  orders  of  mesozoic 
times. 

We  cannot  doubt  but  that,  had  the  genera  IcMhyosauruSy 
PliosauniSy  or  Plesiosav/ruSy  been  represented  by  species  in  the 
same  ocean  that  was  tempested  by  the  Balaenodons,  and  Dio- 
plodons  of  the  miocene  age,  the  bones  and  teeth  of  those 
marine  reptiles  would  have  testified  to  their  existence  as 
abimdantly  as  they  do  at  a  previous  epoch  in  the  earth's 
history.  But  no  fossil  relic  of  an  enaliosaur  has  been  foimd 
in  tertiary  strata,  and  no  living  enaliosaur  has  been  detected  in 
the  present  seas :  and  they  are  consequently  held  to  be  extinct. 

In  like  manner  does  such  negative  evidence  testify  to  the 
non-existence  of  marine  mammals  in  the  liassic  and  oolitic 
times.  In  the  marine  deposits  of  those  secondary  or  mesozoic 
epochs,  the  evidence  of  vertebrates  governing  the  ocean,  and 
preying  on  inferior  marine  species,  is  as  abundant  as  that  of 
their  air-breathing  successors  in  marine  tertiary  strata ;  but 
in  the  one  the  fossils  are  exclusively  of  the  cold-blooded  rep- 
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tilian  class ;  in  the  other,  of  the  wami-blooded  mammaliau 
class.  The  EnaHosaui-iOf  CctiosaurtOy  and  Crocodilioy  played 
the  same  part  and  fulfilled  similar  oflSces  in  the  seas  from 
which  the  lias  and  oolites  were  precipitated,  as  the  Ddphinidm 
and  Bcdccnidcc  did  in  the  tertiary,  and  still  do  in  the  present 
ocean.  Tlie  unbiassed  conclusion  from  both  negative  and 
positive  evidence  in  this  matter  is,  that  the  Ceta^cea  succeeded 
and  superseded  the  Enodiosauria.  To  the  mind  that  wiU  not 
accept  such  conclusion,  the  stratified  oolitic  rocks  must  cease 
to  be  trustworthy  records  of  the  condition  of  life  on  the  earth 
at  that  period. 

So  far,  however,  as  any  general  conclusion  can  be  deduced 
from  the  large  sum  of  evidence  above  referred  to,  and  con- 
trasted, it  is  against  the  doctrine  of  the  Unifomiitarian. 
Organic  remains,  traced  from  their  earliest  known  graves,  are 
succeeded,  one  series  by  another,  to  the  present  period,  and 
never  re-appear  when  once  lost  sight  of  in  the  ascending 
search.  As  well  might  we  expect  a  living  Ichthyosaur  in  the 
Pacific,  as  a  fossil  whale  in  the  lias :  the  rule  governs  as 
strongly  in  the  retrospect  as  the  prospect  .  And  not  only  as 
respects  the  VcrtebratOy  but  the  sum  of  the  animal  species  at 
each  successive  geological  period  has  been  distinct  and  pecu- 
liar to  such  period- 

Not  that  the  extinction  of  such  forms  or  species  was  sudden 
or  simultaneous  :  the  evidences  so  interpreted  have  been  but 
local :  over  the  wider  field  of  life  at  any  given  epoch,  the 
change  has  been  gradual ;  and,  as  it  would  seem,  obedient  to 
some  general,  continuously  operative,  but  as  yet  dimly  dis- 
cerned law.  In  regard  to  animal  life,  and  its  assigned  work 
on  this  planet,  there  has,  however,  plainly  been  **  an  ascent 
and  progress  in  the  main." 

Although  the  mammalia,  in  regard  to  the  plenary  develop- 
ment of  the  characteristic  orders,  belong  to  the  Tertiary  division 
of  geological  time,  just  as  "  Echini  are  most  common  in  the 
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superior  strata,  Ammonites  in  those  beneath,  and  Producti  with 
numerous  Encrini  in  the  lowest  ***  of  the  secondary  strata ; 
yet  the  beginnings  of  the  class  manifest  themselves  in  the 
formations  of  the  earlier  division  of  geological  time. 

We  are  not  entitled  to  infer  from  the  Ludna  of  the  per- 
mian,  and  the  Opis  of  the  trias,  that  the  LameUibranchiate 
Mollusks  existed  in  the  same  rich  variety  of  development  at 
those  periods  as  during  the  tertiary  and  present  times ;  and  no 
prepossession  can  close  the  eyes  to  the  fact  that  the  LameUi- 
branchiate have  superseded  the  Palliobranchiate  bivalves. 

On  negative  evidence,  Orthisindy  Thecot^  Producta,  or  Spirifer 
are  believed  not  to  exist  in  the  present  seas  :  on  negative  evi- 
dence the  existing  genera  of  siphonated  bivalves  and  univalves 
are  deemed  to  have  been  very  rare  in  permian,  triassic,  or 
oolitic  times.  To  suspect  that  they  may  have  then  abundantly 
existed,  but  have  hitherto  escaped  observation,  because  certain 
LameUibranchs  with  an  open  mantle,  and  some  holostomatous 
and  asiphonate  Gastropods,  have  left  their  remains  in  secon- 
dary strata,  is  not  more  reasonable,  than  to  conclude  that  the 
proportion  of  mammalian  life  may  have  been  as  great  in 
secondary  as  in  tertiary  strata,  because  a  few  small  forms  of 
the  lowest  orders  have  made  their  appearance  in  triassic  and 
oolitic  beds. 

The  proportion  of  the  known  forms  of  extinct  life  may  be 
very  small  compared  with  that  which  remains  for  future 
discovery ;  but  the  sum  of  what  is  known  yields  the  legiti- 
mate deduction,  that  there  has  been  a  succession  of  species 
iUustrating  in  the  main  the  progressive  perfection  of  the 
nervous  system,  and  the  concomitant  predominance  of  mind 
over  matter. 

If,  turning  from  a  retrospect  into  past  time  to  the  prospect 
of  that  to  come,  we  may  speculate  on  the  future  course  of 
vital  phenomena  on  this  planet^  the  guide-post  of  Palaeontology 

*  A  generalization  of  William  Smith's. 
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would  seem  to  point  to  a  i)eriod  wLeii  the  earth  may  become 
the  abode  of  a  higher  race  of  intelligences.  But  here  we 
cuter  the  wilderness  of  conjecture,  where,  in  trying  to  advance, 
we  are  soon  "  in  wandering  mazes  lost" 

The  more  willingly,  therefore,  I  return  to  the  surer  deduc- 
tions from  the  phenomena  we  have  had  under  review. 

In  the  survey  which  has  been  taken  of  the  various 
forms  of  life  that  have  passed  away — of  their  genesis,  suc- 
cession, geological  position,  and  geographical  distribution — 
if  the  adajitation  has  been  shewn  of  each  structure  to 
the  exigencies,  habits,  and  well-being  of  the  species,  it  has 
exemplified  the  beneficence  and  inteUigence  of  the  Creative 
l^ower. 

If,  in  aU  the  striking  changes  of  form  and  proportion  which 
have  passed  under  review,  we  could  discern  only  the  results 
of  minor  modifications  of  a  few  essential  elements,  we  must 
be  the  more  strikingly  impressed  with  the  unity  of  that  Cause, 
and  with  the  wisdom  and  power  which  could  produce  so  much 
variety,  and  at  the  same  time  such  perfect  adaptations  and 
endowments,  out  of  means  so  simple.  For,  in  what  have  those 
contrasted  limbs,  hoofs,  paws,  fins,  and  wings,  so  variously 
formed  to  obey  the  behests  of  volition  in  denizens  of  different 
elements,  differed  from  the  mechanical  instruments  which  we 
ourselves  plan  with  foresight  and  calculation  for  analogous 
uses,  save  in  their  greater  complexity,  in  their  perfection,  and 
in  the  unity  and  simplicity  of  the  elements  which  are  modified 
to  constitute  these  several  locomotive  organs  ! 

Everywhere  in  organic  nature  we  see  the  means  not  only 
subservient  to  an  end,  but  that  end  accomplished  by  the  best 
means.  Hence  we  are  compelled  to  regard  the  Great  Cause 
of  all,  not  Uke  certain  philosopliic  ancients,  as  a  uniform  and 
quiescent  mind,  as  an  all-pervading  anima  mundiy  but  as  an 
active  and  anticipating  intelligence. 

By  applying  the  laws  of  comparative  anatomy  to  the  relics 
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of  extinct  races  of  animals  contained  in  and  characterizing  the 
different  strata  of  the  earth's  crust,  and  corresponding  with  as 
many  epochs  in  the  earth's  history,  we  make  an  important 
step  in  advance  of  all  preceding  philosophies,  and  are  able  to 
demonstrate  that  the  same  pervading,  active,  and  beneficent 
intelligence  which  manifests  His  power  in  our  times,  has  also 
manifested  His  power  in  times  long  anterior  to  the  records  of 
our  existence. 

But  we  likewise,  by  these  investigations,  gain  a  still  more 
important  truth,  viz.,  that  the  phenomena  of  the  world  do  not 
succeed  each  other  with  the  mechanical  sameness  attributed 
to  them  in  the  cycles  of  the  epicurean  philosophy  ;  for  we  are 
able  to  demonstrate  that  the  different  geological  epochs  were 
attended  with  corresponding  changes  of  organic  structure ;  and 
that,  in  all  these  instances  of  change,  the  organs,  still  illustra- 
ting the  unchanging  fundamental  types,  were,  as  far  as  we 
could  comprehend  their  use,  exactly  those  best  suited  to  the 
functions  of  the  being.  Hence  we  not  only  shew  intelligence 
evoking  means  adapted  to  the  end ;  but,  at  successive  times 
and  periods,  producing  a  change  of  mechanism  adapted  to  a 
change  in  external  conditions.  Thus  the  highest  generaliza- 
tions in  the  science  of  organic  bodies,  like  the  Newtonian  laws 
of  universal  matter,  lead  to  the  conviction  of  a  great  First 
Cause,  which  is  certainly  not  mechanical. 
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Abbeyillr  deposits,  401. 
AcalephiB  Qiseu]  nettles)^  19. 
Acanthias  (spiny  shark),  119. 
Acanthocladia  (spiny  shoot),  31. 
Acanthodes  (spiny),  154. 
Acanthodii  (spiny),  153. 
Acanthopteri  (spiny  Jin),  169. 
Acanthospongia  (spiny  sponge),  7. 
Acanthoteuthis  (spiny  squid),  112. 
AcerotheriuiQ  (hornless  beast),  390. 
Acervularfa  (liitle  heap),  26. 
Acervulina,  ib.,  13. 
Achelonia  (not  turtle),  317. 
Acheta  (cricket),  52. 
Acrodas  (hump  tooth),  129. 
Acrolepis  (hump  soale),  168. 
Acrocidaris  (hump  crown),  89. 
Acrosalenia  (hump-salenia),  95. 
Acteonella  (little  shore  [dwellers]),  89,  95. 
Acteouina,  ib.,  39. 
Actinoceras  (ray  Ju>m),  101. 
Actinocrinus  (ray  hair),  34. 
Actinocyclas  (ray  sphere),  14, 15. 
Actinophrys  (ray  eyebrow),  10. 
Adeorbis  (arb.  name),  80. 
iEchmodus  (point  tooth),  166. 
iiEolodon  (sheen  tooth),  300. 
.Utobates  (eagle-ray),  186. 
Af^thistega  (i/ckmj  oouer),  12. 
Agnostus  (unknown),  43. 
Alaria  (winged),  88,  89. 
Alua  (airA:),  436. 
Alecto  (turyX  30. 
Alligator  (lixard),  304. 
AlTeolina  (liM^  socArei),  14. 
Ainblyptems  (blvntfinX  161, 168. 
Aniblyurua  (blunt  tail),  166. 
Ainbonyctiia  (raised  claw),  68. 
Ammonites  (Aom  o/ammon),  45, 103. 
Ammonitideu,  102. 
Ainceba  (change),  10. 
Amor|>bo8pongia  (sAape/4»5  sjionge),  10. 
Amphibichnites  (amp/itl>ian  foot-prints), 

188. 
Amphicoelia  (on  Ito^A  «tdu  hollow),  299. 
Amphicyon  (aear  <o  dog),  373. 
Amphidotits  (^mf  mu;ui),  40. 
Amphilestes  (near  to  rohber),  340, 
Amphitberiura  (near  to  beast),  840. 


Amphiura  (on  both  sides  tail),  38. 
Amplextts  (embrace),  25. 
Anacanthini  (spineless),  172. 
Ananfthytes  (n<rf  pressed),  87,  40. 
Anastoma  (croM  mau(A),  94. 
Anatlna,  (dwcJfc  [&il2JX  78. 
Anatinid£e,  77. 

Ancyloceras  (curve  homX  106. 
Andrias  (image  of  man),  320. 
Annelides  (little  ring),  44. 
Annulata  (ringed)^  43. 
Anomia  (lawless),  67,  69. 
Anomodontia  (lawless  tooth),  55. 
Anoplotheritun  (utiarmed  beast),  67. 
Anthocrinus  (fiower  hair),  33. 
Aiithozoa  (flower  animals),  23. 
Anthrecotherium  (oooZ  beast),  361,  400. 
Anthracosia  (coa{  shell),  76. 
Antipathes  (j>rop.  name),  23. 
Apateon  (cheat),  176. 
Aphis  (sucker),  52. 
Apioceras  (peor  ^orn),  100. 
Aplocrinus  (pear  hair),  32,  33,  34. 
Aporrhais  (spoiler),  88. 
Apteryx  (wingless),  330. 
Apus  (footlessX  47. 
Aptychus  (rvigeie^X  ^i  103. 
Arachnida  (spider  kind),  52. 
Arbacia  (pnop.  name),  39. 
Area  (arJfc),  69. 
Arcadffi,  70. 
Arcella  (littU  ark),  10. 
Archseocidaris  (ancient  crown),  38. 
Arehffioniscus  (ancient  shrimp),  49. 
Archegosaaros  (primordial  lizard),  194, 
206. 

Archiacia  (ancten^X  ^0. 
Archimedipora  (»cmo-pore),  22,  30. 
Argiope  (prop,  name),  55. 
Arthraster  (joint  star),  38. 
Asaphus  (obscure),  48. 
Ascidia  (ki^),  29 
Ascoceras  (bag  horn),  100. 
Asilus  (prop,  name),  51. 
Aspidiscus  (shield  disc),  28. 
Aspidara  (<AteM  taU),  38. 
Astartc  (proq).  name),  76. 
Astarttda*,  t2>.,  75. 
Asteriads  (starfish  tribe),  37. 
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Asten>idea,  87. 

AaU'ropterifliiuH  (star  I'iilgf),  124 
AMtnua  O)roj).  ruinu-),  2.'i. 
A8tn>j?»niiuin  (star  coriur),  38. 
Atliyris  (lioorle&s),  56,  58. 
Atlanta  (7^ro;).  ?miwk),  81 
Airy \i&  (nnborrd),  5C,  58. 
Aturia  (prop.  nnine\  90,  99. 
AulacAiitlms  (pi})e'Spine),  126. 
AuIuHte^es  (pipr -cover),  60. 
AvcH  (Wre/5),  323. 
Aviouliclai(/i/r/r  bird-likfX  68. 
Avifulopei'ten  (/i//^*  bird-ix>mb),  67. 
-Axiiiua  (ttx),  67,  71. 

Bacillaria  (littlr  gtaff),  16,  18. 
Bactrites  (stone  club),  102. 
Baoulites  (stt>M  staf),  103. 
Bakewellia  (/m)/).  name),  69. 
Bala-no<lon  (wA<j/«  tooth),  375. 
Balaniila'  (n<y)rniihr!l  family),  43,  44. 
Bala  IK  )])hy  Ilia  (ftfioru  /e<\/'X  28. 
Uulamis  (amrn),  44. 
Bnlish's  (glinger),  12"i. 
BnplM'tes  (r/«r/)  thrrller),  206,  207. 
Bat hy^nat tins  (tkepjaw),  279. 
BatnichJa  (/rrx/  JtiH^/),  195,  207,  319. 
Batraohopu8(/roj?/iK)0,  191. 
Beleiunitefl  (gtonf  durt)  111. 
Bdeiniiitella  (little  dart),  113. 
BelemniticUc,  111. 
Belemnosia  (dart  bound),  110. 
B«leiiinosepia  (dart  cuttle).  111. 
Bellerophina,  83. 
Bellerophon  (prop,  name),  82. 
Bellinurus  (fancy  name),  46,  47. 
Belodon  (dart  tooth),  278. 
Beloptera  (dart  mi)ig),  110. 
Beloteuthit)  (riarf  gqiiid).  111. 
"  Berg-mehl "  (mountain  meal),  16. 
Berenicea  0>f^>P'  name),  81. 
B«r(>su8  (prop,  name),  47. 
Bey richia (prop.  nam«),  46. 
BIfrontia  (two-fronted),  92. 
Bison  (prop,  fuimf),  411. 
Blaatoidea  (fferm-like),  33,  35. 
Blattidai  (cockroaches),  51. 
Boraoiiia  (prop,  nam^),  90. 
Bos  (ox),  411. 
Bothrioconia  (pit  cone),  8. 
Bothriolepia  (pi<  scale),  40. 
Boargueticrinufl  (prop.  nam«),  82,  34. 
Brachiolites  (stow  arm),  9. 
Bmchiopoda  (arm  foot),  54. 
Brachyura  (short  taUs),  50. 
Brissoa  (prop,  name),  40. 
Brontozomn  (^ian^  animaJ),  327. 
Bryozoa  (inoM  aniinaZ),  29. 
Bubalus  (buffalo),  411. 
Buccinura  (trumpet-shell),  87,  117. 
Buprestis  (prop,  name),  51. 
Bysaacanthufl  (tArrad  •ptnfX  123. 

Calcxola  (aaiuio^X  59,  60. 
Callorhynchas  (/air  beakX  137. 


Calynu'nc  (;»tv/i.  nami'),  49. 
Calyptnvidie  (eoi'ering  [shells]),  92. 
Camaruphoria  (r/uim/>fr-6fnrer),  56. 
Camaroopraa  (chamber-horn),  101. 
Canicloitardalis  (mmrUopard),  409,  423. 
Cainpanularia  (/i^//*  V 70,  19. 
Campylodiscua  (curve  disc),  16. 
Cancellaria  (latticed  [skellj),  91. 
Cancer  (craft),  50. 
Caiitharidie  (blister-fly  tribe),  51. 
Capitosaurus  (head  li2ard),  207,  216. 
Capreolujs  (roe-deer),  409. 
Capriua  (ffixitish),  73. 
Caprinella  (/i7«e  j/oa/X  72,  78. 
Caprotina,  ib.,  73. 
Capulaiia  (I  Utle  cvpX  31. 
Carabiilii;  (beetle  tnbeX  51. 
Carcharias,  131. 
Carcharodnu  (shark  toothX  182. 
Cardiads  (heart  shelU\  74. 
Cardilia,  72,  75. 
CardJomorpha  (Aearf  shape),  78. 
Canliola  (litUe  heart),  68. 
Cardita,  76. 

Cardium  (heart  [cnrklej),  74. 
Carinaria  (little  keel),  8H. 
Carnivora  (flejth  eaters),  411,  414. 
Carolia  (cAar/«),  67. 
Car>-()orinu8  (nut  hair),  SS. 
Caflsidaria  (helmet-sheU),  91. 
CaMidulidsB  (little  helmet),  40. 
CasHia  (helmet),  91. 
Casteroidea  (bfaiYr-Hite),  422. 
Catant4>8toina  (dotcnward  mouth),  93. 
Cathartea,  329. 

Catopygus  (below  vent),  89,  41. 
Caturus  (below  tailX  162,  168. 
Catiiridir,  ib.,  162. 
Ca>'>',  422. 

Celoeus  (prop,  name).  111. 
Cellepora  (cell  pore),  31. 
*•  Celte"  (name  of  weapon),  488. 
CentrUctiB  (f/in^  likeness),  122. 
Centrodua  (sfin^  (oo^),  168. 
Ceplialaapis  (head  shield),  144. 
Ceratiocaris  (horn  crab),  47. 
Ceratites  (horn  stone),  99,  102, 103. 
Cercomya  (tail  mussel),  78. 
Cercopia  (tail  fly),  52. 
Cervids  (ata^r  tribe),  404. 
Cervua  (atag\  404. 
Cerylon  (name  qfbird),  51. 
Cestracion  («Aarp  tool),  126. 
Cestracioutidffi,  126,  187. 
Cetiosaurus  (whale  lizard^  801. 
Cetotolites  (whaie  ear-^oneX  875. 
Clia?tete8  (arft.  nam^  of  ooral),  27. 
Chania  (fissure),  72,  73. 
Cheiracanthus  (AamI  spine),  153. 
Cbeirolei>i8  (Aamf  sco/eX  1&4. 
CheiroUierium  (hand  beast),  188,  191. 
Chelone,  314,  317. 
Chelonia  (tortoise^,  314. 
Chelydra  (tortoise  water),  819. 
Chemnitzia  (jyrop.  name),  92. 
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Chenendopora  (gooae  in  jwrv),  8. 
Chimiera  (prop,  name)^  137. 
Chiton  (<iintc),  93. 
Choanites  (cup-BUme),  8. 
Choeropotamus  (hog  river)y  874,  876,  400. 
Cbomatodufl  (mound  toothy  ISO. 
Chondroateus  (ffrutle  boM),  151. 
Chonetes  (/nnnel),  59,  60. 
Chrysaora  (golden  swordy,  81. 
ChrysodomuB  (goldtn  Junue),  117. 
Chrysonielidse  (golden  cow),  51. 
Cicada  (chaunter),  51. 
Cidarin  (crotpu),  38,  89. 
Ciinicidie  (btig  tribe),  61. 
Cirripeclia  (curly  foot),  44. 
Cirrus  (cnrlX  93. 

Cladacanthua  (bran^ih  9pti(«),  124. 
Clododus  (branch  tooth)^  130. 
Cladyodun  (pruning  toothX  278. ' 
ClavagelU  (lUtU  dub),  78. 
Clavella,  i&.,  89. 
Cleodora  (prop,  name),  79,  80. 
Cliona  (prop,  name),  9. 
Clymenia  (prop,  nanu),  99. 
Clyp«a8t«r  (shield  star),  40. 
Clytia  (prop,  name),  51. 
Cuemidium  (greave),  8. 
CoccineUa  (2t/tZ«  berry),  61. 
Coccosteus  (berry  bone),  144,  150. 
CoccoteutiiiB  (berry  sfiuid),  110,  112. 
Cochliodas  (f^uiU  toothX  128. 
Coelacantbi  (hollow  spine),  154. 
Ccelacanthus,  155,  108. 
Cwlogenys  (hollow  cheek),  422. 
Coelorhynchus  (hollow  bmk),  172. 
Ccenites  (/(e«ce  8<an«),  31. 
Colein  (prop,  name),  49. 
Cololites  (gvi  stone),  48. 
Colonodu8  (stunted  tooth),  16a 
Colosaochelys  (co2<a«kx2  tortoise),  819. 
Coluber  (»7uxAr<'),  3ia 
Columbella  (Utile  dove),  88. 
Collumbellina  (less  dove),  8S. 
Colymbetes  (dfrerX  51. 
Comatula  (hairy),  82,  36,  37. 
ConcbioRauruM  (shell  lisard),  234. 
Conchorbynchus  (^ull  beak),  98. 
Conidai(/am.  of  cone-shells),  91. 
ConioeauruB  (cAa^A;  ^imni),  811. 
Conocardium  (eoiu  heart),  67,  74. 
Conoclypeus  (cone  shield),  40. 
Conodonta  (cone  tooth),  117. 
Conorbis  (cane  orb),  91. 
Conoteuthis  (oon«  squid),  114. 
Conularia  (h'M«  cone),  81,  87. 
Copris  (dung),  52. 
Conilliain  (coral),  23. 
Corax  (crotp),  181. 
Corbicula  (prop,  name),  75. 
Corbis,  ib. ,  75. 
Corbula,  ib.,  77. 
Comulites  (Aoni  «<aHr),  44. 
Coronula(/f/f2<'  crmvn),  4.'). 
Corypho<lon  (peak  tooth),  3.*»6. 
Coryat^a  (anwrf)*  ^l- 


Cosciiiodlacufl  (fieue  duib),  15, 17. 
Cosmacanthus  (adorned  spine),  128,  124. 
Crania  (skuU  [sheU]),  61. 
CraaaatellA  (littU  thick  shell),  76. 
Crenella  (little  well),  71. 
Cribriapongia  (sieve  sponge),  8. 
Crinoidea  (2t/y  stones),  82. 
Crioceras  (ram'*  Aorn),  106. 
Cristellaria  (liUle  crest),  IS. 
Crocodllia  (crocodile-like),  98. 
Crocodilus  (crocodite),  801,  304. 
Croaaostoma  (fringe  mouth),  93. 
Crotalocrinus  (rattle  lily),  83. 
Croatacea  (crab  class),  45. 
Cryptangia  (hidden  vessel),  28. 
Cr3i)tocera8  (Atd<2en  horn),  99. 
Cryptodon  (Auiden  too(/k>,  75. 
Ctenacantbus  (comb  spineX  123. 
Ctenodonta  (comb  tooth),  67,  70. 
Ctenodua  (comb  toothX  130. 
Ctenomys  (comb  mouse),  422. 
Ctenoidei  (oemtb-Hite  \soale]),  170. 
Cucculsea  (Aood  [«naiZJ),  69,  70. 
Cupularia  (little  cup),  31. 
Cupnlispongla  (cup  sponge),  8. 
Curculionidro,  (jtrop.  name),  51. 
Curaoria  (runners),  828. 
Cuvieria  (prop.  nam«X  80. 
Cyathina  (littU  cup),  27. 
Cyathocrinua  (cup  lily),  88. 
Cyathophyllum  (cup  kaf),  25,  26. 
Cycladidffi,  75. 
Cyclaa  (round),  46. 
Cydobatis  (round  ray),  186. 
Cycloidei  (nmnd  [scale]),  170. 
Cyclolitea  (rcnind  stone),  27. 
Cyclopthalmua  (nmnd  «ye),  52. 
Cycloatoma  (round  mouth),  94. 
Cycloatrema  (rcmnd  hole),  80. 
Cyclotua,  94. 
Cymba  (prop,  name),  91. 
Cynochampaa  (dog  crocodile),  269. 
Cyuodontia  (dog  tooth  f am.),  267. 
Cypbon  (cwnf),  51. 

Cyprseidw  (prop,  name  of  cowry  tribe),  91. 
Cypricardia  (ooirry  cockle),  75. 
Cyprida  (prop,  name),  50. 
Cyprlnidie.(carp  tribe),  76. 
Cypria  (prop,  fuime),  46. 
Cyprovula  (cowry  egg  shell),  91. 
Cyrena  (prop,  tiame),  75. 
Cyrtia  (curve),  57,  60. 
Cyrtoceraa  (curre  horn),  101. 
Csrrtolitea  (curre  stone),  88. 
Cyatoidea  (2Kiy-2iJteX  S4. 
Cytherca  (prop,  name),  77. 
CytheridK,  ib.,  40. 

Dakosaurus  (b^inijr  /uanQ,  300. 
Dama  (fallow-deer),  406. 
DaiMMlidse,  166. 
DapediuA  (Jlatfish),  106. 
Davidaonin  (prop,  name),  59. 
Decapoda(f(*n/fW),  107. 
Defrancia  (prop,  name),  SO. 
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DtMnIrerpcton  (tree  replile\  205. 
DendriKltu  (tree  ti0>th),  lf>6. 
lKMHln)pliyIiia  (trre  Itof),  28. 
Ih'n<ln>i»ai>a  (trre  ]iupi>ft  f«mji7J),  W,  206. 
IK'nUliuui  (iiitle  tusk),  83,  »2. 
I)<'TiUilina  (little  tusk),  13,  14. 
Di'Hhayesia  (jfrop.  name),  92. 
Diadenia,  89. 

Diaui'honx  (ttpo-bortl^red),  OS. 
l)hirit<i]Mira  (dijstani  /w/r),  31. 
I>iut«)mft«'«5jp  (ilissertfil),  4,  17,  18. 
Dihrani'hinta  (/ico  giUeA),  107. 
Dlot'ras  (f Mf>  Aoru),  72,  73. 
Dichobuiie  (deft  hUUtckX  371. 
Dichixloii  (cleft  tooth),  S6H. 
I)icyntKi<»n  (ttno  mnitu  tu9ks\  257. 
DicyncKloutia,  25rt. 
Didacna  (two  biies),  74. 
DidelphLs  (tico  tctjmlts),  374. 
Di<iui}  (prttp.  name),  331. 
DidyiuoKniptius  (tirin  teriter),  21. 
Dilllu^a  (mflter  avay),  10. 
Dikt'luccplialuH  (two-bump  head),  182. 
DinieracaiithuH  (cleft  sj'ine),  123. 
Diiiior]>h<Ml(<n  (timshajte  toitth),  273. 
DiuoniiH  (Am;?*"  hint),  3.S9. 
Dinusaurin  (A >/;;»'  ILnnl),  285. 
Dinotheriuin  (/u/j/e  Imist),  384. 
Diopludon  (fM'o  xrf^ijfon  teeth),  875. 
Diplaoanthus  (dnuhle  sjiineX  154. 
Diplocidaiis  (double  crown\  39. 
Diploctoiiium  (double  (xmb),  27. 
Diplodonta  (double  ttmth),  75. 
Diplodua  (double  tttoth),  131. 
Diplogra]>8US  (double  writer),  21. 
Diplopturus  (double  fin),  M,  1«8. 
Dipriaoanthus  (tur>-tnired  spine),  124. 
I)it>rotodoii  (two  front  teeth),  429. 
Diptenis  (^w  /fn),  153,  168. 
Diaaster  (fwo  */ar),  40. 
Diseinida>  (/i7/;«  (f^ArX  <)1- 
DiKcoidea  (tii^A:  fhujicd),  40. 
Discoptjra  (p/fl/e-jw/rr),  31. 
DiHfoaonu  (dijfk  heap),   101. 
Dithyrocaris  (two-flap  shrimp),  47. 
Ditmpa  (/iro  Ao/«).  44. 
DolichosauniB  (long  lizard),  311. 
D< ilium  (fu>t),  88. 
Donacia  (reed),  52. 
Donax  (pn/p.  name  of  shell -fifh),  77. 
Doreatherium  (deer  beast),  404. 
Doiyi)t«ra8  (lanoe-Jln),  108. 
Dreisaena  (prop.  7ui»(<),  70. 
Drumatherium  (running  beast),  339. 
Dromilites  (stony  swift'^runnerX  61. 
Dromiopsis.  51. 
Dr}'opitheci28  (toood  ape),  S8S. 

EOCULIOMPHALUB,  80. 

Echimys  (spiny  mouse),  422. 
Ekrhinaraclinius  (spiny  spidw),  40. 
Echinocy elites  (nrrJiin-embryo-slone),  38. 
Echinodon  (Aptn«-/ooMX  ^^^' 
Rchinmlcrmata  (spiny  skin),  31. 
Echinoidea  (uixhin-likti),  88. 


Echinolampas  (spiny  torc^X  M- 
Eoldnopsia  (urcAin  /orr),  39. 
Edaphodos  (fUwr  Uxtth),  138. 
Bdealea  (d<  roil  rrr),  124. 
Edmondia  (/^ro;).  >uim<X  ^>  78. 
Elaaraodus  (p^i^e  toolAX  139. 
Elasrot>theriuin  (plate  beast),  423. 
Elater  (drirerX  51. 
Elephaa  («2<])Aaa/X  391. 
Eloiiiehttiya  (marsh  fi*h),  163,  168. 
Eiiiys  (prop.  nameX  319. 
Enaliosauria  («pa  lizard),  219. 
Eiiallo8t«ga  (tnrrrfe^I  roo/),  12. 
Encephala  (having  head),  79. 
Encrinus  (in  lily),  S3,  34. 
End()r>era8  (inside  horn),  101. 
Enojitoolytia  (armrd  shrimp),  49. 
Entalophora  (trtfAtn  saJt-bearer),  30. 
Entoinoatega  (i;iMct«d  roo/X  12. 
Entoinostraea  (insected  crustX  45. 
Entoiuoconchus  (insected  shell),  46. 
Entoaolenia  (within  pijte),  13. 
Eopithecus  (dairn  ape),  874. 
Eitiaat^r  (to//  5tar),  40. 
Epiomis  (tall  birdX  83. 
Erisinacanthoa  (strife  spine),  134. 
Eryon  (prop,  name),  49. 
Eschara  (prop,  name),  80,  31. 
Es<-harina,  31. 
Esthcria  (anagram),  46. 
Etyus  (pmp.  natn^'X  50. 
EucalyptocrinuH  (well-oovertd  lUy),  S3. 
Eudea(prop  name),  S. 
Eu«€iiiacrinu8  (Eugenia  UlyX  34,  87. 
EugnathujB  (well-jawed  X  163. 
Eulima  (prop,  name),  92. 
Euomphalus  (well  nax-elX  80. 
Eupatagus  (well  dashed),  40. 
Eurynotus  (brood  back),  168. 
Euryptenis  (brood  ;fnX  *7. 
Exogyra  (out  whirl),  66. 

Fascicularia  (littk  bundle),  31. 
Favo8it«8  (^n^y-comd  sUmeX  27. 
Favositidse,  ifc.,  27. 
Felia  (eatX  412,  420. 
Fenestrella  (little  window),  28,  80. 
Ferusaina  (prop.  nameX  90,  94. 
Firolidffi  (prop.  nameX  81,  83. 
Fistulaiida?  (pipe  [fish}  kindX  122. 
Flal)eUina(/f«/«/oiiX  7, 14. 
Flabellam  (/onX  2& 
Fliistra  (prop.  ftom^X  31. 
Foraminifera  (full  of  holesX  10. 
Fungidie  (mvshroom  [polypes^  27. 
Fasulina  (little  spindle),  7, 14. 
FuBUB  (spindleX  90,  91. 

Gadub,  178. 

Gaillonella  (prop.  natwX  16. 
Galecyniis  (ireosel  do^X  ^^2. 
Galeoocrdo  (weasel-fox  [shark}),  132. 
Oaleritea  («#or«  eapX  37. 
Galcsatinu  (weasel  lisardX  267. 
GaleuB  (tmue/  [f^arilr]),  \3^ 
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Ganocephala  (shiny  head),  93. 
Ganodus  (shiny  toolhX  1»9. 
Oanoldei  (shiny  f«xi7««]),  39. 
Oasterosteu8  (belly-bony),  12S. 
Gastomia  (Gaston's  birtO,  S28. 
Gaatrana,  (tumul  [sheU]),  77. 
6astrocha>na  (belly  gape),  78. 
Ga^ialia  (prop,  name),  305. 
GeocriniiR  (land  lily),  33. 
Geoteathis  ({and  squid).  111. 
Gervillia  (prop,  name),  60. 
Gilbertsocrlnus  (GilberVs  lUyX  33. 
Gitocrangon  (neighbour  shrimp),  49. 
Glandina  (little  accrnX  94. 
Glenotreuiites  (p^ipU  hole),  84. 
Globiconcha  (globe  shell),  95. 
Globigerina  (globule  bearer),  11. 
Globulua  (little  globe),  92. 
Globulodua  (globule  tooth),  168. 
Glosaodua  (tonj^ue  too/A),  131. 
Glyphea  (sculpture),  49. 
Glyphithiereua  (sculptured  hinge),  50. 
Glypticua  (fcuZp^tredX  89. 
Glyptocrinus  (satlptured  lily),  88. 
Glyptolepis  (sculptured  scale),  155. 
Glyptodon  (sculptured  tooth),  427. 
Glyptopomos  (sculpfured  lid),  195. 
Goniaiitea  (an^le  sionyX  99, 102. 
Goniodiacua  (angular  diM),  88. 
Goniomya  (angular  m|fa),  76. 
Gonlopholla  (angular  scale),  303. 
Gorgonidic  (prop,  name),  28. 
Grallatorea  (tnuJersX  8^8. 
Qranimyaia  ("prop.  naiii«),  67,  78. 
Graphalaria  (little  tenting),  23. 
Graptolepia  (writing-scale),  168. 
Graptolites  («(ony  writing),  21. 
Grateloupia  (prop.  n«m«X  T7. 
Oryphna,  ib.,  66,  69. 
Guottardia,  ib.,  7,  9. 
Gulo  (glutton),  373. 
GyracanthuB  (Ktt/?  Hn^X  124. 
Gyrinus  (ring  horn),  51. 
Gyroceras  (ring  satr),  101. 
GyTopriatia  (ring  bone),  24, 

HiKMATOCRTA  (Ctrfff  blood),  218. 

Halcyomis  (JtiiH7./S«ft^  bCrdX  828. 
RaXyftiiAfi  (stone chain),  27. 
Hamitea  («fon*  hook),  106. 
Haplacanthns  (n'mp/«  «fyn>eX  1^^- 
Harpalid&p,  52. 
Harpalna  (roraHo«»X  '*-■ 
Helicenis  (#Mn  horn),  114. 
Helicoceras  (twist  horn),  106. 
Helicoidca  (fif^X  like),  12. 
Helicostega  (fwf^f  corrrX  1% 
HeliocidariB  (sun  crown),  39. 
HcHolitea  (sun  stone),  27. 
Helix  (twist),  94. 

HeUatlotherinm  (f7wJr  6«w^X  4W. 
Helophorus  (r?»i?>  ftearrrX  51. 
Hetnerobioidea  (like  day-livers),  51. 
Hemiaater  (half  star),  40. 
Hemicldaria  (Ao/Z-crw^X  89. 


Hcniidiadenia  (h<df-crown),  39. 
Hemipneuatea  (half  breather),  39,  40. 
Hemipriatis  (half  saw),  132. 
Heterocercal  (odd  tail  [/«A]),  140. 
Hetcro^iora  (odd  pore),  31. 
Heteroateua  (mfd  &on«),  141. 
Hexaprotodon  (sit  front  twth),  400. 
Hiuiaiitoptcrus(«< ilf^nX  47. 
Hinnitea  (mule  stone),  68. 
Hippalimua  (horse  sea),  8. 
Hipparion  (little  Jiorse),  398. 
Hippocrena  (prop,  nam*),  88. 
Hippohyna  (Aorw  ^X  '^91. 
Hippopotainua  (Jiorse  river),  399, 
Hippopodium  (horse  foot),  77. 
Hippuritea  (horse  tail),  72,  74. 
Hippuritidse  (horse-tail  like),  72. 
Hiatioderma  (mil  skin),  48. 
Hiatiophoraa  («ai2  bearer),  172. 
Holaater  (irAoiie  storX  40. 
Holectypua  (whole  out  plan),  40. 
Holoceph&li  (whole  he>ouls\  187. 
Holocyatia  (whole  bag),  27. 
Holopella  (whole  skin),  92. 
Holoptychid»,  156. 

Holoptychiua  (trfco/f /oWX  1^<*- 
Holoatemaia  (tffto/e  motetftX  91- 
Holothurioidea  (prop,  name),  41. 
Homacanthna  (Joint  spine),  123,  124. 
Homocercal  (even-tail  \Jish\),  140. 
Homosteaa  (joint  bone),  141. 
Hoplopygus  (iceopoM  rump),  168. 
Horaera  (prop.  fintii^X  81. 
Hamaa  romaina,  438. 
Hurouia  (prop,  nanu),  101. 
Uy«ena  (prop.  nameX  418. 
Hy»onodon  (hytena  tooth),  372. 
Hyalwa  (crystal),  79. 
Hyalonema  (crystal  thread),  23. 
Hybodna  (^iimp  toof^X  ^'^^ 
Hydropelia  (tcater  shiehl),  317. 
Hydrophilidse  (water  lovers),  52. 
Hydrozoa  (water  animals),  21. 
Hylseosaurus  (fcood  liiard),  292. 
Hyiuenocaria  (membrane  shrimp),  47. 
Hyopotaniua  (hog  river),  400. 
Hystrix  (porrMpiM^'X  421,  422. 

Janira  (prop,  nanu),  68. 
Tanthina  (rio^X  92. 
\r\mo\ogy  (foot-print  loreX  176. 
i  ohthyopterygia  (fish  fins),  21 8. 
Ichthyodonilites  (fi-fh  spinrf^),  122. 
Ichthyoaaurua  (fish  lizanl),  220. 
Idmoiiea  (prop,  name),  81. 
Iguanodon  (i(^Mfln«  tooth),  293. 
Illffinua  (^M>fc  a5ou0»  48. 
Indoaial  Limeaione,  52. 

Infaaoria(anf«ia/ci/7f»o/tn/«*io«*X  16- 

Inn  HUB  (monkey),  423. 

Inoceramna  (fibrous  sheH),  8,  68,  69. 

Inseaaorcfl  (perching  birtl),  828. 

Insecta  (inseete<l),  51. 

Invertebrata  (w7i6adt-hon*d),  18. 

Joiiannetia  ( jyrop.  name),  78. 
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Ischiodus  (strrnig  tooth\  138. 
Isis  (Isisina),  (prop.  name)f  23. 
Ifioarca  (equal  ark\  69. 
iHOcardia  (equal  heart),  76,  78. 
fsodus  (equal  tooth),  168. 
Isopoda  (equal  foot),  49. 

Kelua  (prop,  name),  75. 
Keruinya  (horn^mugael),  78. 
Koninckia  (jtrop.  name),  60. 

Labyrinthodomtia  (labtfrinth  teeth),  206. 
Lacertilia  (lizard  tribe),  306. 
Laccophilas  (pit  lover),  51. 
Lagena  (prop,  name),  13. 
Lagomys  (hare  mouse),  A22. 
LagustomuB  (hare  mouth),  422. 
Lamellibranchlata  (pUUe  gill),  62. 
Lamoa  (prop,  nanu),  183. 
Leda(prop,  nnm^),  71. 
Leiacanthua  (smooUi  tpine),  125. 
Leiodon  («moofA  tooth),  312. 
Leiotttoma  (jr^xoofA  moufA),  90. 
Lenita  (projK  name),  40. 
Lepadidft}  (limjtet-like),  45. 
LeiK*nlitia  (prop,  name),  46. 
Lepidaflter  (<oi/«  »/ar),  37. 
Lepidoganoidea  (xxde  splendour),  152. 
LepidoMiren  (scaly  siren),  218. 
Lepidosteus  (sccUe  bonjf),  163. 
Lepidutu8  («xiier2),  167. 
LeporidK  (hare-tribe),  421. 
LepracaQthns  {rough  si)ine),  124. 
Leptacanthas  (slender  s})ine),  124. 
LieptR>na  (slender  shell),  59. 
Leptocheles  (slender  jnnoer),  47. 
Leptolepis  (slender  scaU),  167. 
Leiitopleuron  (sleiuler  rib),  267,  284. 
Leptoteuthia  (slender  squid).  111. 
Lietia  (7>rop.  »ut»»i*),  93. 
Lenita  (jwop.  na»««),  40. 
Libcllula  (dim.  of  prop.  nameX  53. 
Lima  (file),  68. 
Liinaciua  (lHUe  slug),  80. 
Limft>a  (/Ue),  08. 
Linianomia  (fiic  outlaw),  67. 
Linmiea  (marsh  snail),  94. 
Limnius  (marshy),  51. 
Limulus  (somewhat  airry),  47. 
Lingula  ({t7{/«  tongue),  61. 
Litlianea  («fan«  b^^^y),  28. 
Lithocardium  (stoiu  cockle),'  74. 
Lithodendron  («<(/n«  treeX  26. 
Lithoniis  (8(ait«  dird),  328. 
Lithostmtion  (stone  ooverer),  26. 
Llfcorinidse  (shore  shells),  92. 
Lituites  (stoiu  shell),  100. 
Lituola  (ZmZe  stone  shell),  7, 14. 
Loligosepia  (squid  cuttle),  91. 
Lophiodon  (crest  tooth),  357,  364,  375. 
Loricula  (little  snail),  45,  50. 
Loxonema  (wry  threadX  91. 
Lnclna  (jJrop.  name),  447. 
Lucinidse,  76,  77. 
LncinoiwiR  (/jJlr«  lucina),  77. 


Liiidia  (prop,  name),  38. 
Lunulites  (/i7/;«  moon  stone),  31. 
Lutraria  (mud  dweller),  77. 
Lyrodesma  (/y«  Mihjw),  67,  71. 
Lysopomata  (loose  valveX  61. 

Macacub  (monkey),  S04. 
M acellodon  (spade  tooth),  806. 
Machairodus  («a^»%  tooth),  418. 
Ifaclurea  (prop,  name),  80. 
Macrauchenia  (long  neck),  428. 
Macrocheilns  (loug  lip),  87,  91. 
Hacrodon  (long  tooth),  70. 
Macro]>etalichthyB  (/oi^^  leaf  fish),  180. 
Macropoma  (tonp  {fdX  165. 
MacropUB  (Unig  foot),  429. 
Macroi>thalma  (long  eye),  50. 
Macrospondylus  (7on^  veriettra),  300. 
Macrotheriam  (toity  beoirfX  379. 
Mactra  (trough),  77. 
Malacopteri  (soflfins\  173. 
Malacostraca  (sq/l  sA«U),  49. 
Mallotas  (uwtUy),  174. 
Mammalia  (sudcUrs  or  teat-bearersX  832. 

Oeological  distribution  of,  428. 

Mammillopora  (teal  pore),  8. 
Mania  (prop,  name),  424. 
Manon  (prop,  name),  7. 
Mai^nula  (little  border),  17. 
Manupitea  (stone  purse),  82,  83. 
Martesia  (prop,  name),  78. 
Massospondylus  (longer  vertebra),  800. 
Mastignphora  («cofir[^  beorerX  111. 
Mastodon  (tea^  too<A),  885. 
Mastodonsaurus  (teat  tooth  lizard),  215. 
Megaceros  (great  horn),  405. 
Megachinis  (greai  hand),  49. 
Megalichthys  (great  fish),  162. 
Megaludon  O^reo^  (oofA.^  72,  75. 
Megalomastoma  (great  mouth),  94. 
Megalosaurus  (great  lisardX  286. 
Megalurus  (great  tail),  168. 
Megaspira  (gi-eat  spire),  94. 
Megatherium  ((^reeU  beast),  84,  425. 

Melania  (MocJl-newX  ^^ 
Melanopsis  (like  melania),  92. 
Mellita  (prop,  ruau),  40. 
Melocrinus  (app/«  lUy),  88. 
Melolontha  (ooefccha/«rX  6. 
Menoponia  (lasting  lid),  208. 
Merlinus  (prop,  name),  178. 
Meryeotherium  (rumtnant  l^fo'^X  423. 
Mesodesma  (mtdftinpe),  77. 
Mesopithecus  (mid  apeX  383. 
Mesoatylus  (mid  style),  51. 
Metopias  (large  fronted),  207,  216. 
Meyeria  (prop.  nameX  49- 
Miclielinia  (prop.  nam^X  27. 
Micrahacia  (little  plaUX  27. 
Micraster  (little  star),  40. 
Microconchus  (liflfe  ahellX  44. 
Microlestes  (;i7<7e  ro6b«rX  338. 
Mierotherium  (liUle  beast),  371. 
Millericrinus  (miller's  lily),  34. 
Milleporidsp  (thousand  pore),  26,  27,  31. 
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Mitra  (mitrt  [shellDy  90. 
Modiola  (bracket  [shell]},  70. 
Modiolopsia  (likt  modioliu),  70. 
MoUusca  (molbuks  [ao/l  animals]),  53. 
Monodacna  (singU  hiU\  74. 
Monopleura  {single  rib),  73. 
Moiiostega  {single  cover),  12,  13. 
Monotis  {single  ear),  69. 
Montlivaltia  (prop.  natM),  27. 
Mopsea,  ib.,  23. 
Morrfaua,  {ayd-fiah),  173. 
Mosasaarus  {mentae  lizard),  311. 
MuQtjac  (iJrop.  name),  404. 
Horchisonia  (prop.  nafii«),  93. 
Muricidte  (rodt-8/i«if  tribe),  88. 
Mya  (fia»t«  o/  shell-fish),  77. 
Myacidffi  (mya  tn6eX  66. 
Myacitea  (mya  stone),  78. 
Myalina  (/ittte  wtya),  67,  70. 
Myliobaten  {mUl  ray),  134. 
Mylodon  (mill  tooth),  425. 
Myoconcha  (mya-«Ac2{),  77. 
Myopara  (mya  producing),  71. 
Hyophoria  (mya  bearing),  69,  71. 
Myoxus  (dormouse),  421. 
Myriapoda  (M<mmiui /««<),  52. 
Mystrioaaurus  {smaU-spoon  litard),  300. 
MytilidiB  {mussel  tribe),  70. 
Mytilus  (miMM/),  70. 

NARooDEa  (Renumber),  123. 
Natica  (little  breech),  87. 
Naticidffi,  91. 

Naticopsis  {naiUxi-like),  91. 
Nanlaa  (freight),  123. 
Nautilidffi,  99. 

Nautilus  (sailor  sheU),  96,  99,  110. 
Nautiloceras  (sailor  horn),  99. 
Navicula  (litae  skiff),  16. 
Neeera  (prop.  nam«),  77. 
NebaUa,  ib.,  47. 
Neithea,  ib.,  69. 

Neniacanthua  (tAretid  «ptne),  124,  125. 
Nepadffi  (i>rop.  name),  51. 
Neptunia  (prop,  name),  90. 
Nereitea  (prop,  name),  43. 
Nerinasa  (prop,  name),  92. 
Nerita  (prop,  name),  87. 
Neritidee,  93. 
Neritoma  {nerita  cut),  93. 
Ncritopsia  (nfrita-tiJLe),  93. 
Neator  (prop,  name],  436. 
Nodosaria  {little  knotted),  13. 
NotagogUB  (back  bearer),  167. 
Nothosaunia  (bastord  lizard),  229. 
Nothoaomus  (boftard  mou/&),  167. 
Notidanua  (back  form),  131. 
Notopocoryatea  (back  armed\  50. 
Notomla  (9oti(A«m  bird),  331. 
Nototherium  («}tt<A«m  beas/),  431. 
Kucleobranchiata  (kernel  gilled),  81. 
Nucleolitca  {kernel  stone),  40. 
Nucula  {lUtle  nut),  70. 
Xuciinella  (/i«/e  nuculo),  71. 
Xniuumlites  (coin  s(oh«'),  7,  13,  14. 


Obolus  (small  coin),  62. 
Octopoda  (eight  feet),  107. 
Oculina  {small  eye),  28. 
Odontacanthus  (tooth  spine),  12:<. 
Odontaapia  (tooth  shield),  132. 
Odontoaauma  (toof  A  lizard),  216. 
Oldhaniia  (prop.  nam«),  22,  23. 
Oligopleurus  (few  ribs),  168. 
Oliva  (olive  [sheUJi),  90. 
Oinmaatrephes  (eye  turn).  111. 
Onchua  (hook),  119,  133. 
OnchoceraM  (AooJfc  horn),  100. 
Onychoteutliia  (rfaw  «?uu2),  111. 
Operculina  {little  lid),  14. 
Ophidia  {serpents),  312. 
Ophloconia  («naJte  hair),  87. 
Ophioderma  {snake  skin),  38. 
Ophiopaia  (snoXre  aspect),  167. 
Ophiura  (sitoJke  taiZ),  38. 
Ophlurella  {littls  taU),  38. 
Ophluridfe,  ib.,  37. 
Opla  (prop,  name),  76,  447. 
Opiathocoelia  (rear  hollow),  300. 
Oraeanllina  (hillock  spine),  124. 
Orbitoidea  {orb  like),  7, 14. 
Orbitolites  (orb  stoiu),  13, 14. 
Oreaater  {hillock  star),  38. 
Omithichnitea  (bird /oo«.pri»(«),  326,  381. 
Orodua  (hUlocJc  tooth),  31. 
Orognathua  {hillock  jaw),  168. 
Orthacanthua  (straigM  spine),  124. 
Orthidee,  58. 

Orthia  (straight  shell),  58,  60. 
Orthiaiiui  (WtU  oHhis),  58. 
Orthoccraa  {straigM  horn),  100. 
Orthonotua  (<<mi(7A^  back),  70. 
Orthophlebia  (cfmtpfct  if  tn),  51. 
Osteolepia  (bone  scale),  153. 
Oateoplax  (boM  plate),  168. 
Oatracoda  {shell  datl),  46,  47. 
Oatreido!  (oyster  tribe),  66. 
Otozoum  (ftir  aAimol),  190. 
Oudenodon  (no  teeth),  261. 
Oviboa  {shee2>  ox),  437. 
Ovulitea  (little  egg-stone),  7,  14. 
Oxygyma  (sharp  turn),  82. 

Pachycormus  (<&tdb  trunkX  163. 

Pachydeama  (fAic^  Atiij^e),  72. 

Pachygyra  {thick  twUt),  27. 

PacLyriama  (thick  tract),  75. 

Palffiaater  {old  star),  37. 

Palsechinos  (oM  urcAin.),  38. 

Palffiocrangon  (old  shrimp),  49. 

Paltt«ocyclu8  (old  cirde),  27. 

Pala»ocyon  (old  dog),  356. 

Palieodiacua  (o2d  plate),  38. 

Paleoniscidve,  160. 

Palffiioniacua  (old  sand  hopper),  160,  161. 
I     Paleeophrynoa  {oUi  toad),  320. 

Palffiophya  (oW  serpent],  313. 
'     Palseopyge  (old  rump),  182. 

PalH>08auniH  {old  lizani),  276. 
[     PalRWB]ionKia  {nhl  sponge),  7. 

PalaH>teuthi8  (o7d  squid),  98. 
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Paljf'ttluTiiiin  (I'hl  bmst),  M«M,  375. 
Pnlajiterj-x  {'Ad  vitujl'Ks  hirxl),  331. 
Palt-nx  (>»lii  (i^i}>fHt),  M.i. 
VaUmUua  (mnrih  fttuil),  '.>*J. 
PHiii|>)iaL'at4  («i//  ratrr),  10. 
Pa!Mloni(y»r»>;».  nmne),  7.S. 
Panojayi.  ih.,  77,  78. 
PuruHiiiilui  (rrnjw  kni/f)^  27,  28. 
P«rt»xu.s  ((irritiil),  123. 
Passjil(Ml<in  (ftf/j  to<>thX  13;J. 
Pattlla  (/j'/i/W),  83,  94. 
Patt'lliiliv,  93. 
Peecari  (prop,  tuimc),  375. 
Pf  cten  (onnb  sKell)^  69. 
Pfotiniila-,  68. 

Pectuuculiui  (/i<f/«  cotnb  »hfU),  71. 
Pflagr>!)auru8  (9fa  liziini),  300. 
Pi'lunmaurus  (ffreat  lizard),  301. 
Peniuitiilitla>  (sen  yieii  tribe)^  23. 
Pentacrinua  (^firr  lily),  32,  33. 
Peiitaniorus  (fii't  ))artitr\  57. 
P»'iitieniite8  (Jive  oar^d),  33. 
P«*n*ch(Mlo!iiiia  (runoiimling  Aou«r),  3K, 
Penm  (pioA-  f]H>N(jf),  69. 
Petal. ,(luH  (Un/to,,th),  130. 
Petrifola  (nx*/,  dtrtllrr),  77. 
Pi'triHlus  (rixA  /jX'fA),  130. 
pHtroHprmjjimla*  (root  Sfwngen),  12. 
Pezophaps   /oof  rtore),  332. 
Phaoops  (leM  rye\  49. 
Phaaf(»lomys  (jmuch  moiuie),  431 
Pha.si>olotherium  (pouch  bcoKt),  341. 
PhtPiiicopterus  (A«ria<;  rrJ  tritujs),  329. 
Plioladoniya  (pholuji  mussel),  77,  78. 
Pholaa  (ctire  Au/ut{^),  78. 
Pholidoplioriia  (»^(t€  ?*ar<r),  166. 
PhrajniMM-tT-as  (|xi»/i/ioM  /if>r«),  100. 
PhryK«iiea  (/j'lfir  or  nuldisjly),  53. 
Phr>'gauei«lu',  53. 
Phyll(Mlu8  (Intf  twth),  174. 
Phyll<.l«'j>is(^vi/«5fi^),  155,  168. 
PhyllopoUa  (Im/fwt),  46. 
Phylloiiora  (leaf  port),  31. 
Pliytitt  (bladder),  M. 
PliVHOiUMims  (p?/.-»fM/f  thread),  124. 
PilculUK  (f  {«/«•  ("<i;>),  93. 
Pimchxlus  (fatty),  160. 
Piiiua  (Ittartl -shell),  70. 
Pia<"OH  (fi;thes\  119. 
Pi.siMluH(pra  tooth),  174. 
Piatosauriis  (^-we  lizard),  232,  234. 
Plaocxlus  (;>/(Ue  <oo<A),  2S6. 
Placotjanoidei  0>(a/e  »Acf  u  »ru^«>),  139. 
Placdidei  (jtUUt  unU),  119. 
Placuna  (cuke),  67. 
Placunopsia  (o(i7:«  (m/vc/),  67. 
PlaKianUx  («/nnf  groort),  353,  432. 
Plagioatoma  («/««<  mouth),  68. 
PlagioBtoiiiI,  i6.,  119,  122. 
Plaiiorbis  (flat  round),  83,  94. 
Platerays  (flat  tortoise),  819. 
PlatyacAiithus  (/a<  spine),  124. 
"Platy(!riiius  (>r<if  Zi/y),  32. 
Platypodia  (flat  foot),  50. 
PlatysomuK  (flat  Itofly),  HU. 


PlfHiosaunis  (fwar  to  lizanf),  243. 
Pl»*Ki».t4Mithis  («*ar  to  «yHu/),  111. 
PleftnKlu.s  (ijy^Mr  tooth),  120. 
PleftrolepiK  (jryrMr  «fti/^),  163. 
Pleuraranthns  (riMted  spituX  128. 
Pleunwter  (rihlted  star),  38. 
Pleunmeftidflp,  178. 
Pleurtiphorus  (rib  beartr),  67,  75. 
Pleumsternon  (rib  brrtut  bone),  317. 
Pleun>t<»riiaria  (rib  slice),  98. 
PlUsitiUii  (plaited),  17. 
Plicatula  (/i///r  p/«it»),  68. 
Pljolophns  (nearer  to  ritige),  858. 
Pliopitheous  (nearer  to  ajteX  382. 
Pliosaunis  (nearer  to  lizard),  252, 
Podwlua  (fofft  tcitth),  168. 
Pwcilopleuron  (varied  rib),  300. 
Pu.'<.*ilu|H>d  (diverse  foot),  47. 
Pollicii»e8  (thximb  foot),  45. 
Polycystinew  (nutn^  a/Z«dX  4,  11,  14. 
Polygaatria  (many  stomached),  15. 
Polypi  (many  feet),  20. 
PuIyix>theciA  (many  feet  sheath),  8. 
Polytreraaria  (m^ny  holed),  93. 
Polyi)tychodon  (many  grooved  tooth),  255. 
Poljrthalamia,  (many  cAambfred)  12. 
PoraniboniteK  (;»rf  prominence),  67. 
Porcellia  (little  pig),  82. 
Poromya  (;wre  mvs.vl),  77. 
Puaidononiya  (Neptnue  mussel),  46,  68. 
Potainides  (fluiiatiU  shell-likei  92. 
Poterioceras  (of/p-^rnX  100. 
PoteriiM'rimis  (cttp  lily),  83,  84. 
Prionus  (satr),  61. 
Prist  is  (.*T»"-^.«/i),  136. 
Proi'celia  (front  hollow),  304. 
Producta  (drawn  out),  59,  60. 
Propterus  (front  wing),  167. 
ProauiK)iiiscu8  (/lersoit  shrimp),  49. 
Protaater  (./f  r»/  «far),  87. 
Pmtf  iiiys  (flrst  tortoise),  317. 
Protiehnitea  (flrst  foootprinU),  47,  182. 
Proto  (prop,  name),  92. 
Protopithecua  (^r*<  ape),  428. 
Protoniia  (yJnj/  ftirrfX  328. 
ProtOTosaunu  (flrst  described  lizard),  280. 
Prutovirgularia  (flrst  little  rod),  22,  43. 
Protoroa  (flrst  living  things),  4,  6. 
PKainmosteus  (sand  bone),  168. 
P-Hfudocrinne  (false  lily),  83. 
Paendoliva  (false  olive),  90. 
PsittacodiiR  (parrot  tooth),  138. 
Paolus  (priapid  «ea-tm>niiX  41. 
Pteraapis  (wing  shield),  144. 
Pterichthya  (icing  fish),  141,  144. 
Pterinea  (winged),  68. 
Pteroccra  (wing  horn),  88. 
Ptenoconia  (wing  hair),  34. 
Pterodacrtylua  (wing  finger),  274. 
Pterodonta  (itirj^  footA),  96. 
Pten)penia  (wing  shell),  69. 
Pten>iK)da  (wingfoU),  79. 
Pterosauria  (ii?in{^  lizard),  270. 
Ptorothcca  (H'in(7  sheath)^  SI. 
Pten'gotns  (iri»^  e«r),  47. 
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Ptilodictya  {feather  net),  22,  30. 
Ptilopora  (feather  pore),  2*2,  80. 
Ptychoceraa  (fold  horn),  lOtt. 
Ptychodus  (fold  toothX  125,  129,  ISO. 
Ptychognathus  (fold  Jaw),  267. 
Pulmonifera  (lung  bearer$X  M< 
Pulvinites  (cv^ion  stone),  60. 
Pupa  (doU  [shttl]),  04. 
Purpura  (jmrple  [shell]),  88. 
Purpurina  (little  purple),  88. 
Pyciiodontea  (hump-tooth«i  tribe),  ItfS. 
i^cnodUH  (hump  tooth),  165. 
Pygai»ter  (rump  star),  40. 
Pygocephaluus  (rump  head),  40. 
Pygoptcrus  (rump  fin),  168,  104. 
Pyramidella  (littU  pyramid),  01. 
Pyrina  (litOe  pear),  40. 
I^tonenia  (fire  thread),  28. 
Pythioa  (prop,  name),  76. 

Radiata  (rayed  animnds),  20. 
Radiolite8  (rayed  stone),  73. 
Raia  (ray),  136. 
Raiida;  (my  frtlwX  134. 
Kamphorli}iichuii  (beak  bill),  278. 
Rana  (frog),  810,  320. 
Rauella  (littU  frog),  88. 
Raniceps  (/rtv  A«od),  206. 
RaphioaauruB  (awl  lizard),  311. 
Raphistoma  (awl  numth\  92. 
Raptoros  (birds  of  prey),  328. 
RaaoreM  (soratoA«r«),  328. 
Rastritea  (hammer  stoneX  21. 
Reindeer,  406. 
Reptflia  (reptiles),  193. 

Geological  distribution  of,  321. 

Requieuia  (prop,  tiame),  72. 
Retzia,  ib.,  5a 
Roussia,  ib.,  50. 
RhaMoci<laris  (rod  crownX  38. 
Rhabdoidea  (staff-like),  IS. 
Rhina  (;J/«  my),  130,  135. 
Rhinoceras  (jiose  hornX  305. 
Rhinodon  (nose  tooth),  118. 
Rhizodus  (root  tooth),  156. 
Rhizopoda  (root /oof),  7,  10. 
Rliodocrinus  (ro«  Aair),  SS. 
Rhombopholia  (riiomb  scute),  214,  301. 
Rhombus  (turbotX  173. 
Rhyncholites  (beak  stoneX  98. 
Rhynehonella  (/U^Ze  beakX  56,  57. 
Rbynchoaaurus  (beaJb  liaardX  S<t3. 
Rhynchoteuthis  (beoJI;  sguidj^  08. 
RimellA  (littU  chink),  88. 
Riinula,  ib.,  03. 
Riugicula  (;iM/«  gnnX  95. 
Rissoa  (/^rop.  name),  71. 
Rodentia  (gnawing  beastsX  420. 
Rosalina  (prop.  nameX  13. 
Rostellaiia  (beakshell),  88. 
Rotalina  (^iM^  wAm^X  18- 
Ruiiiinantia  (cti^I  c/li«irfr«),  401. 
Rytina  (dragged  along),  87. 

R\croeoMA  (l)ag  f)otlyX  34. 


Baleuia  (arb.  name),  39. 
Salinariua  (w/t-vyUer  «fceZO,  60. 
Saurichthyidee  (liiardfish  tribeX  162. 
Haurichthy6({imrd;f<A),  162. 
SauriUus  (littU  lixard),  307. 
Bauropsis  (Hzard-like),  163 
Sauropterygia  (limrd-finnedX  309. 
Sauropus  (iimrti/ooO,  167. 
Baurostomus  (Ifjmrd  mouth),  163. 
Saxicava  (roct  borerX  78. 
Scalaria  (u^tmimsr  »to»r),  92. 
Scalitea  (xtair-stone),  92. 
Bcalpellum  (scalpel),  45. 
Scansores  (climbing  birdsX  828. 
Scaphitea  (booi  ITone),  89. 
8caphirh}iichu8  (boat-beak),  151. 
Scelidosaurus  (Wwi*  lisardX  286,  810. 
Scelidotherium  (Hfll^>  beastX  427. 
Bchizaster  («{i<  «tor),  40. 
Bcinrus  (stiuirrel),  421. 
Scoliostoma  (irry  movCft),  93. 
Scomberoids  (mocterei  tribeX  172. 
Scutelia  ({itfJ«  «Aie/d),  37,  40. 
Hcutellina  (littU  shieldUtX  40. 
Scyphia  (skiff  X  7. 
Semlonotua  (»Hrita^  baekX  166. 
Semiophorous  («i(^na^  dearer),  170. 
Semnopithecus  (slow  aj)e),  384. 
Sepia  (euttUflshX  108, 110. 
Sepiada;,  109,  110. 
Septifera  (partition  bearerX  70. 
Seraphs  (proj?.  name),  88. 
Serpula  (little  creeper),  44. 
Scrpularia,  03. 

Siluridaj  (sheat-fish  tnbe),  122. 
Silurus  (sheat-fishX  150. 
Simosaurus  (»nu&  Juord),  234. 
Siphonia  (pipe),  7,  8. 
Siphonotreta  (pipe  hole),  69,  61. 
Sirenia  (prop.  nameX  378. 
Sivatherium  (iS'im**  beastX  410,  423. 
Sinerdis({Ut{ejl<A),  170. 
Solarium,  02. 
Solea  (sole  [fUUfishJ[),  173. 
Solecurtus  (short  razor-shellX  77. 
Solemya  (nuor-shell  mussel),  71. 
Solenella  (little  razor  shellX  71. 
Sulenidffi  (razor  shell  tr{beX  79. 
Boroidea  (duster-like),  13. 
Sowerbya  (pmp.  iwhimX  77. 
Spalacotherinm  (male  beast),  850. 
Spanispongla  (scattered  spongtX7,  9. 
Bparella  (littU  sea  bmmX  117. 
BpatangidflB  (spatangus  trtbeX  39. 
Simtangus  (leather  bag),  40. 
Spathobatis  (bZode  my^  1S6. 
Spatnlaria,  151. 
SpbKra  (globe  [8hell]),75, 
Sphscronites  (globe  stoneX  33,  36. 
Sphagodus  (throat  toothX  120. 
Sphenacanthus  (wedge  spine),  124. 
Sphenonchus  (u-edge  hook),  131. 
.S|)heuotrochus  (wedge  top),  28. 
Sphinx  (prop,  name),  52. 
Sphyrenoida  (wi-piire  tribe),  172, 
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Spinax  (pikeil  d/tgjl^\  121,  IM. 
UpiniferiteH  (spine  bearer  stone),  9. 
Splnigrra  (spine  bearer),  89. 
Spinalis  (spire  shell),  80. 
Spirifer  (spire  bearrrX  57. 
Spiriferina  (little  sjnrifer),  67. 
8piru|?lyphus  (sjnral  sctUpture),  44. 
Spirorbis  (spire  sphere),  44. 
8l)irula  (Utile  spire),  108,  110. 
•Spinilirustra  (spiral  bexUc)^  110. 
Spondyhis  (shell-fish),  68. 
Spongaria,  10*2. 
Sponges,  4,  6. 
8qualida>  (shark  tribe),  131. 
Sqiialoraia  (shark  ray),  190. 
Bquatina  (monk  fish),  136. 
Stagonolepis  (drop  scale),  283,  804. 
Steganodictyum  (covered  net)^  7. 
Stellerus  (prop,  name),  437. 
Stellaster  (star  starfish),  88. 
Stellispoiigia  (star  sponge),  8. 
BteneosauruH  (short  UzardX  300. 
Stephanometapon  (wreath  change),  50. 
Stephaiiophyllia  (irreath  leaf),  27. 
Stereoguathus  (stiff  jaw),  345. 
Stichcstega  (nnr  cover),  12,  13. 
Strepsidura  (twist  tail),  90. 
Strfptorhynchua  (twist  beak),  59. 
Streptospondylus  (twist  t^rtebra),  399, 301. 
Stringocep^alus  (owl  head),  55. 
Stromatopora  (bed  pore),  7. 
Strombida?,  87. 

Stmnibus  (stromb  shell),  88,  91,  95. 
Strophaloaia  (spinning  top),  60. 
Btrophomena  (twist  thread),  59. 
Sturionidee  (stnrgeon  tribe),  151. 
Stylina  (lUtle  style),  27,  2a 
Suchosaurus  (crocodile  lizard^  300. 
Bus  (Ao(/),  401,  420. 
SyiiapU  (joitied  together),  41. 
Byndosmya  (linked  mussel),  77. 
Bynocladia  (cotter  together\  31. 
Syiingopora  (<«5e  jwtt),  27. 

Tancrbdia  (prop,  name),  75. 
Tanystropheus  (long  vertebra),  240. 
Tapes  (carpet),  77. 
Tapir  (j>mj).  nam«),  375,385,  433. 
Tectibranchiata  (roof  gUl),  95. 
Tcleosaurus  (end  lizard),  299,  800,  803. 
Telcostei  (complete  bone),  169. 
TelephorldfiE  (far  carrier),  51. 
TelUna  (shell-fish),  77. 
Tellinid»  (teUina  Utiui),  66. 
Temnopleuros  (ctU  rib),  39. 
Tencbrionidee  (darkling  beetles),  52. 
Tentaculltes  (tentacle  stone),  44. 
Terebellaria  (JiWte  borerX  81. 
Terebellum,  <&.,  88. 
Teredina,  ib.,  78. 
Tei-ebmlia,  ib.,  92. 
Tfiebratella,  ib.,  55. 
Terebratula,  ib.,  58. 
Teatudo  (tortoise),  814,  319. 
Tetragonolepis  («r/iMirf  sca/^),  164. 


Teuthidie  (squid  tribe),  109,  110. 
Textularia  (little  iceaverX  17. 
Tlianmisous  (brUk  like),  81. 
Thaumaa  (marref),  136. 
Ttieca  (shefith),  80. 
Thecidiuin  (little  sheath),  55. 
Thecodontia  (Meo/A  tooth),  275. 
Thecodontoaaanu  («A«alA  toolA    liaard), 

275. 
ThecosmUia  («A«a<A  ikn(A),  27,  28. 
Thectodua  (sharp  tooth),  ISO. 
Theouoa  (prop.  nameX  81. 
Thetis  (prop,  name),  77. 
Tbrissonotns  (thryssa  back),  168. 
Thrisaops  (/«A  HkeX  168. 
Thylacinus  (jxnfcJk  rfog),  439. 
Thylacoleo  (pouched  lion),  432. 
Tinea  (moth  wormX  52. 
Tornatella  (little  tnm-shellX  88,  95. 
Torpedo  (cramp  fi^X  13^- 
Toxaster  (6ow  «tor),  40. 
Toxoceras  (bow  horn),  105. 
Toxodon  (bow  toothX  428. 
Tragos  (kind  of  spongeX  8- 
Trematis  (Ao^e  shell),  61. 
Trematosaurus  (fto^e  {fmrdX  215. 
Tretoceras  (hole  horn),  102. 
Trotost«rnon  (hole  breast-bone),  817. 
Trichites  (hair  stoneX  70. 
Trichotropis  (Aatr  keel),  90. 
Triconodon  (tAree  con«d  toothX  851. 
Tridacna  (tAree  bit«X  74. 
Trigonellites  (little  triangle  stoneX  103. 
Trigonia  (triangleX  71. 
Trigoniadce  (trigona  tribeX  66,  71. 
Trigonocoras  (triangle  horn),  99. 
TrigoDOseinuR  (frtanj^fe  sign),  ^• 
Trilobitcs  (tArm  {obed  stone),  48. 
Trinucleus  (fAre«  A:ern-f2),  48. 
Trionyx  (three  dawed),  814,  818. 
Triiwli  (prop,  name),  15. 
Triton  (prop,  name),  71,  83. 
Trivia  (arb.  nameX  91. 
Troohidee  (top  shdl  tribe),  92. 
Trochoceras  (top  horn),  99. 
Trochocyathus  (toj)  cupX  27. 
Trochotoma  (top  cut),  93. 
Trogontherium  (gnawing  bea$t),  422. 
Tropidaster  (keel  star),  38. 
Tropifer  (keel  bearer),  49. 
Trophon,  90. 
Trygon  (sting  rayX  126. 
Trystichius  (spiny  fish),  124. 
Tnbina  (Zi<(^  fub«X  ^^ 
TubiporidsB  (tube  pore  [oorat]),  27. 
Tubuli(K)ra  (tubuU  poreX  81. 
Tnnicata  (cloaked),  19. 
Turbinolia  ({{(<2e  whirlpoolX  28. 
Turbo  (ttjAtrZ  «A«ZO,  71,  92. 
Turrilites  (tower  stoneX  106. 
Turritella  (lUtle  toircr),  92,  93. 
Tylostonia  (club  mouthX  95. 
Typhis  (prop,  name  of  ahellX  90. 

Umbrella,  83. 
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Uncites  (hcok  stone),  58. 
Ungula  (hoo/h  62. 
Unicardiuin  (one  heart),  75. 
Ujiionidee  (unto  tribe),  71. 
Uranoscopi  (sky  gasers),  158. 
UroQeinus  {taU  thread),  168. 
Ureus  (Pear),  419, 

Vaoinella  ({i<^  sJuath),  80. 
Varigera  (loort  bearer),  95. 
Veneridte  (veniis  tribe),  66,  77. 
VenerapiB  (venus  rock),  77. 
Ventriculites  (little  bag  stone),  7,  9. 
Venus,  77. 

Vermetus  (worm  like),  44. 
Verniicularia  (little  vjormlft),  44. 
Verrailia,  ib.,  44. 
Verruca  (vjart),  45. 
Verticellopora  (pin  pore),  8. 
Verticordia  (prop,  name),  71. 
Volutidse  (voluU  tribe),  91. 


Volutilithea  (volnte  siotie),  90. 
Volvaria  (H^e  umipperX  96. 

Waldhcimia  (prop,  name),  54. 
Webbina  (prop,  name),  18. 
Websteria,  t6.,  23. 
WoodocrinuB  (WoodCs  lUy),  84. 

Xanthidium  (little  yellow  dye),  9. 
Xestorrhytias  (polished  terinkles),  217. 
Xiphias  (sword  fish),  172. 
Xiphodon  (sicord  tooth),  871. 
Xylobius  (trood  dioeller),  206. 

ToLDiA  (prop,  name),  71. 

Zaphrentis  (prop,  nanu),  25. 
Zeuglodon  (yoke  to<ah),  377. 
ZiphiuH  (prop,  nanu),  875. 
Zygobates  (yoAre  ray),  184. 
Zygosaurus  (yoke  lizard),  216. 
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ADAMSON  (BoBEKT).  Tiic  Cottage  Ciurdi^n.  Second  i-dilion, 
fcap.  6vo,  clolh  limp,  Is. 

ANDERSON  (Professor).  Elements  of  Agricultural  CliemiBtry. 
Crown  8vo,  price  6b.  6d. 

ANDERSON  (Rev.  Wm.,  LL.D.,  Glaegow).  Uiscouracs. 
Second  Bodcs,  second  edition,  crown  8vo,  price  Os. 

Regeneration.      Second  edition,  crown  8vo,  pritre  Ge. 

ANDERSON  (Rev.  James).  Light  in  Darkness,  or  Comfort  to 
thn  Sick  and  Afflicted,  being  a  ecriea  of  Meditations  nnd  I'niycra, 
and  poTtionH  of  Scripliirc  fur  those  visjlcd  with  bereavement  and 
diatTcsa.    Second  edition,  fctip.,  clotli,  antjqiio,  red  edges,  jirice  5b. 

APPERLEY  (Chakles).  The  Horse  and  the  Hound ;  their 
various  Uhcb  and  Treatment,  including  Practical  Inst.nictionB  in 
Horsemanship  and  Hunting,  &c.,  &c.  Tntrd  edition,  witli  numeroUH 
Illustrations  on  Wood  and  Steel,  after  drawings  by  Herring,  Aiken, 
and  Harrison  Weir.     Post  8vo,  price  10s.  Cd. 

BALFOUR  (Professor).  A  Class-Book  of  Botany  :  being  an 
Introduction  to  the  Study  of  the  Vegetable  Kingdom.  In  one  large 
vol.  dewy  8vn,  with  1800  Uluatrations,  Bis.  Gil. 

Sold  also  in  Two  Parts  :— 
Part  I.  Structural  and  Morphologjckl  Botany,  10s.  Gil. 
Part  II.  Vegetablo  Physiology,  Classification,  (ilossary,  &c.,  21s. 

A  Manual  of  Botany  :  being  an  Introduction  to  tin.'  Study 

of  the  Structure,  Phyeiotc^,  and  ClaKsificnlion  of  Ilante.    Crown 
flvo,  pp.  700,  with  8a)  Illustrations,  price  12s.  ftd. 
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BALFOUR    (Professor).       The    Botanist's    Companion  ;    or, 

Directions  for  the  Use  of  tlie  MicroBcope,  and  for  the  Collection  and 
Preservation  of  Plants,  with  a  Glossary  of  Botanical  Terms.  Crown 
8vo,  price  28.  6d. 

Botany  and  Religion ;  or,  Illustrations  of  the  Works  of 

God  in  the  Structure,  Functions,  Arrangement,  and  General  Distri- 
bution of  Plants.  Third  Edition,  260  Wood  Engravings,  12mo, 
cloth,  price  Gs.  6d. ;  or  cloth,  gilt  edges,  price  7s. 

BAYNE   (Peteb,   A.M.)     The  Christian  Life  in  the  Present 

Time.  New  Edition,  carefully  revised,  and  with  additional  Essa}' 
on  the  Relation  of  Mr.  Carlyle  to  Christianity.  Crown  8vo,  price 
78.  6d. 

Essays  :     Critical,     Biographical,      and     Miscellaneous. 

Crown  8vo,  price  78.  6d. 

BEESLY  (E.  W.,  M.A.)     A  System  of  History  for  the  Use  of 

Students.    In  preparation. 

BENNETT   (Professor).     Clinical  Lectures  on  the  Principles 

and  Practice  of  Medicine.  New  edition  (the  third),  pp.  1005,  with 
five  hundred  Illustrations,  price  30s. 

An  Introduction  to  Clinical  Medicine.     Six  Lectures  on 

the  Method  of  Examining  Patients,  &c.  Third  Edition,  107  Dlus- 
trations,  fcap.  8vo,  price  5s. 

Outlines  of  Physiology-.     Numerous  Illustrations,  fcap. 

8vo,  cloth,  price  6b. 

The  Pathology  and  Treatment  of  Pulmonary  Consumption, 

Second  edition,  with  26  largo  Illustrations,  demy  8vo,  price  78.  6d. 

BLACK'S  General  Atlas  of  the  World.     New  Edition  (1860), 

56  maps,  and  Index  of  60,000  names,  &c.,  folio,  half-bound  morocco, 
gilt  edges,  price  608. 

School  Atlas.     40  maps,  and  Index,  4to  or  8vo,  price 

lOs.  6d. 


School  Atlas  for  Beginners.  27  maps,  oblong  12mo, 
price  28.  6d. 

Atlas  of  Australia  with  all  the  Gold  Regions.     6  maps, 

royal  4to,  price  66. 

Atlas  of  North  America.  20  Maps  of  the  various  Pro- 
vinces, States,  and  Countries.  By  John  Bartholomew,  F.R.G.S. 
With  descriptive  letterpress,  and  an  Index  of  21,000  names.  Folio, 
price  ICs. 
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BLACK'S  Guide  Books  for  Tourists  in  Great  Britain  and  Ire- 
land, Ac. — 

England  and  Wales         ..... 

Scotland  ....... 

Ireland  (Dublin,  Killarney,  Belfast,  separately,  Is.  6d.  each) 
Wales      ....... 

North  Wales,  separately  ..... 

English  Lakes      ...... 

j^eni*        ...•«.. 
Yorkshire  (paper  cover,  2s.  6d.)  cloth 
Kent  and  Sussex  (or  separately,  Kent  2s.,  Sussex  Is.  6d.) 
Derbyshire,  Hampshire,  Warwickshire,  and  Gloucester,  each 
Hampshire  and  Isle  of  Wight      .... 

Surrey     ....... 

Sussex     ....... 


Highlands  rA.nderson^s  Guide)     .... 
The  Trosachs,  and  Aigyleshire,  each 
Argyleshbre,  Aberdeen,  Perthshire,  Moffat,  Staffii  and  lona, 
Skye,  and  Sutherland,  fcap.,  sewed  . 

Edinburgh,  Illustrated      ..... 

cheap  edition 


Plan  of  the  Town  and  Environs 


Glasgow  and  West  Coast 
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Tourist*s  and  Sportsman's  Companion  to  the  Counties  of 

Scotland,  post  8vo,  bound  in  leather  .  .        10    6 

Tourist's  Memorial  of  Scotland,  Views  of  Scottish  Sceneryy 

royal  8vo     .  .  .  .  .  .50 

Where  shall  we  Gro  ?  or  Guide  to  the  Watering  Places  of 

Great  Britain  and  Ireland.    New  edition     .  .26 

Travelling  Maps,  lined  with  cloth,  and  bound  in  portable 

cases — 

England,  32  by  22  inches  .46 

Scotland  .            .            .            .  .46 

Scotland.    Counties,  each            .  .  .            .10 

England,  Scotland,  and  Ireland  ^20  by  14^  inches),  each  2    6 

English  Lake  District,  19  by  14  mches    .  .  .20 

North  and  South  Wales,  each      .  .  .16 

Continent  of  Europe,  railway  map  .  .            .40 

India,  23  by  17i  inches   .  '        .  .  .00 

BOWDLER  (John).  The  Religion  of  the  Heart,  as  Exempli- 
fied in  the  Life  and  Writings  of  John  Bowdler,  late  of  Lincoln's  Inn, 
Barrister-at-law.  Edited  by  Charles  Bowdleb.  12mo,  cloth, 
price  56. 

^*  A  number  of  first-rate  essays  on  most  important  themes,  Buch 
as—'  The  AtonemerUf^  *  Eternity  of  Future  PunishmentSy^  '  BeUgkn 
and  MeUmcholffy  ^  Practkdt  View  of  the  Character  of  Chriet^^ 
*  Spiritual  Mindedttess,^^^  etc. 
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BROMBY  (Rev.  C.  H.)     Manual  of  Divinity  for  Schools  and 

Colleges.     Fcnp.  8vo.     In  the  Press. 

BROUGHAM  (Lord).     Installation  Address  of  the  Right  Hon. 

Henry  Lord  Brougham,  Chancellor  of  the  University  of  Edinburgh, 
with  Notes.    Fcap.  8vo,  price  Is. 

BRUCE  (James).    Travels  and  Adventures  in  Abyssinia.    New 

edition.  Edited  by  J.  M.  Clingan,  M.A.  Five  page  illustrations 
and  portrait  on  tinted  paper,  by  C.  A.  Doyle.  iSquare  12mo,  clotii, 
gilt  edges,  price  Ss. 

BRYCE    (James,    M.A.,  LL.D.,   Glasgow).      A  Treatise  on 

Book-keeping  by  Double  Entry,  witli  an  Appendix  on  Single  Entry. 
Fcap.  8vo,  cloth,  price  5s. 

The   Arithmetic    of  Decimals,    adapted    to    a   Decimal 

Coinage.     Second  edition,  price  Is.  6d. 

A  Treatise  on  Algebra.     Third  Edition.     Crown  8vo, 

cloth,  price  Gs. 

BUCHAN    (A.    W.,    F.E.I.S.)      The   Advanced   Prose   and 

Poetical  Reader ;  being  a  collection  of  select  specimens  in  Endish, 
with  Explanatory  Notes  and  Questions  on  each  lesson ;  to  which  are 
appended  Lists  of  Prefixes  and  Affixes,  with  an  Etymological  Vo- 
cabulary.    12mo,  cloth,  price  3s. 

The  Poetical  Reader,  separately,  price  Is.  6d. 
BURGESS  (Rev.  Henry,  LL.D.,  etc.)     The  Amateur  Gar- 

dener^s  Year  Book,  a  guide  for  those  who  cultivate  their  own  Gardens 
on  the  Principles  and  Practice  of  Horticulture.  Fcap.  8vo,  clotli, 
price  3s.  Gd. 

CANDLISH   (Rev.  Dr.)     Life  in  a  Risen    Saviour.     Being 

Discourses  on  tlie  Resurrection.  Second  edition,  crown  8to,  price 
78.  G<.l. 

CARSON  (A.  R.,  LL.D.)     Exercises  in  Attic  Greek  for  the 

use  of  Schools  and  Colleges,  12mo,  price  4s. 

Phaedrus'  Fables  of  uEsop  in  Latin.     New  edition,  with 

Vocabulary,  edited  by  Rev.  Wm.  Veitch,  18mo,  bound,  price  28. 

CHRISTISON  (Professol-).     A  Dispensatory.     New  edition  in 

preparation. 

COCKBURN  (Lord).    Memorials  of  His  Time.    With  portrait 

after  Raeburn.     Demy  8vo,  price  7s.  Cd. 

COOK'S  (Captiiin)  Voyages  and  Discoveries.     Edited  by  John 

Barrow,  Esq.,  F.R.S.  Seven  page  Illustrations,  s<iiuure  12mo,  gilt 
edges,  price  58. 


ADAH  AKO  CHARLES  BIACk's  PUBLICATIONS.  H 


CUNNINaHAM  (Rev.  John,  D.D.)     The  Church  History  of 

Scotland,  irom  the  CommencemeDt  of  the  Christian  era  to  the  Present 
Century,  2  vols.,  demy  8vo,  price  21s. 

DAVIDSON   (Rev.   Dr.)     A  Treatise  on   Biblical  Criticism. 

8vo,  price  IBs. 

DEMAUS  (Rev.  Robert,  M.  A.)     Class  Book  of  English  Prose, 

Comprehending  Specimens  of  the  most  Distinguished  Prose  Writers 
from  Chaucer  to  the  Present  Time,  with  Biographical  Notices, 
Explanatory  Notes,  and  Introductory  Sketches  of  the  History  of 
English  Literature.     12mo,  cloth,  price  4s.  6d. 
Or  in  Two  Parts,  price  2s.  6d.  each. 

—  Introduction  to  the  History  of  English  Literature.    12mo, 

price  2s. 

The  Young  Scholar's  Guide,  a  Book  for  the  Training  of 

Youth.    Illustrated,  18mo,  cloth,  price  Is.  6d. 

DENISON   (E.  B.,  M.A.,  Q.C.)      Clocks  and  Locks.     Fcap. 

8vo,  price  38.  6d. 

DONALDSON    (James,  M.A.)     Latin  Reader  of  Jacobs  and 

Classen.     With  Notes,  etc.,  12mo,  price  38.  6d. 
Or  Course  I.,  price  Is.  9d. 
Course  II.,  price  2s. 

Modem  Greek  Grammar,  12mo,  price  2s. 

DRESSER   (Professor).     Popular  Manual  of  Botany  without 

technical  terms.    Fcap.  8vo,  twelve  page  Wood  Illustrations,  price 

3s.  6d. 

With  the  Illustrations  coloured,  price  48.  6d. 

ENCYCLOPiEDIA   BRITANNICA.       21   vols.,   4to    (eacli 

vol.  24s.      Complete  £25 :  48.;  with  Index  £25 :  128. 

21  vols.,  4to,  half  bound,  russia  extra,  marbled  edges, 

30s.  per  vol.,  Complete  £31 :  lOs. ;  with  Index  £32 : 2 : 6. 
Index  to  Ditto,  4to,  price  Ss.,  cloth;  or  12s.  6d.  half  russia. 

FAIRBAIRN   (William).     Iron:  its  History,  Properties,  and 
Processes  of  Manufacture.    Crown  8vo,  price  6s. 

FARRAR  (Rev.  F.  W.)      Julian  Home:  A  Tale  of  College 
Life.    Foolscap  8vo,  second  edition,  price  58. 

Eric ;    or   Little  by  Little ;   a  Tale  of  Roslyn  School. 

Fifth  edition,  fcap.  8vo,  price  5s. 
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FORBES  (Professor  J.  D.)     Occasional  Papers  on  the  Theory 

of  Glaciers,  with  Ten  plates  and  twenty-nine  Wood  Engravings. 
Demy  8vo,  price  10s.  6d. 

Keply  to  Professor  Tyndall's  remarks  in  his  work  "  On 

the  Glaciers  of  the  Alps."     Price  Is. 

—  Norway  and  its  Glaciers.  Followed  by  Journals  of  Ex- 
cursions in  the  High  Alps  of  Dauphin^,  Berne,  and  Savoy.  With 
two  Maps,  ten  Coloured  Lithographic  Views,  and  twenty-two  Wood 
Engravings.     Royal  8vo,  price  2 Is. 

-  Tour  of  llont  Blanc  and  of  Monte  Rosa.     Illustrated  with 

Map  of  the  Pennine  Chain  of  Alps,  fcap.  8vo,  price  3s.  6d. 

GRAHAM    (G.  F.)      Musical   Composition:    its  Theory  and 

Practice.     With  numerous  Engravings,  and  copious  Musical  Illustra- 
tions,    rlto,  price  9s. 

GULLIVER'S  Travels  to  Liliput.      Ilhistrated.     Fcap.  Svo, 

gilt  e<lges,  price  Is.  6d. 

GUNN   (Wm.  M.,  LL.D.)      Rudiments  of  the  Latin  Language. 
12nio,  price  28. 

GUTHRIE   (Rev.  Dr.)      Pleas  for  Ragged  Schools.      Crown 

8vo.     Illustrated  cover.     Price  2s.  6d. 

The    Gospel   in    Ezekiel.       Twenty -seventh    thousand. 

Crown  8vo,  price  Ts.  6d. 

—  Christ  and  the  Inheritance  of   the  Saints.       Sixteenth 
thousand.     Crown  8vo,  price  Ts.  6d. 

-  The  Christian  World  Unmasked,  by  Berkidge.     Edited 

hy  Dr.  Guthkie.     Fcap.  8vo,  cloth  antique,  red  edges,  price  2s.  6d. 

-  The  Street  Preacher,  being  the  Autobiography  of  Robert 

Flockhart.     Edited  by  Dr  Guthrie.     Small  ovo\^ti  8vo,  cloth  limp, 
price  28. 

HERSCHEL    (Sir  J.    F.   W.,   Bart.)       Physical  Geography. 

Crown  8vo,  price  7s.  6d. 
~  Meteorology.     Fcap.  Svo,  price  5s. 
-    ---  The  Telescope.     Faip.  Svo,  price  3s.  6d. 
JEFFREY   (Rev.  Dr.)     Voices  from  Calvary,-  or  the  Seven 

Last  Sayings  of  Our  Dying  Lord.     Second  Edition,  fcap.  8vo,  cloth 
anticjue,  price  4s. 
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JUKES  (J.  B.)  The  Student's  Manual  of  Geology.  Fcap. 
8vo,  with  Woodcut  Illustrations,  price  8s.  6d. 

School  Boy's  Manual  of  Geology.     In  preparation. 

KELLAND  (Professor).  Elements  of  Algebra,  for  the  use  oi" 
Schools  and  Junior  Classes  in  Colleges.    Crown  Bvo,  price  4s. 

Algebra — being  a  Complete    and    easy  Introduction    to 

Analytical  Science.     Crown  8vo,  pp.  467,  price  78.  6d. 

KEMP  (W.  S.,  M.A.)  Exercises  in  Latin  Syntax,  adapted  to 
Ruddiman*s  Rules,  with  Copious  Vocabularies.  Part  I.,  Agreement 
and  Government..    Crown  8vo,  price  28. 

KITTO  (Dr.)  Cyclopaedia  of  Biblical  Literature.  Second 
edition.  2  vols,  medium  8vo,  554  Wood  Engravings.  Several  Maps 
and  Engravings  on  Steel,  price  £3. 

Popular  Cyclopaedia  of  Biblical  Literature.      In  one  vol- 
ume, 8vo,  illustrated  by  336  Engravings,  price  lOs.  6d. 

-    History  of  Palestine;  from  the  Patriarchal  Age  to  the 

present  time.     Numerous  Wood  Engravings,  crown  8vo,  price  5s. 
-  School  Edition.      12mo,  price  4s.;  without  Map,  3s.  6d. 

An  Account  of  Palestine.      Crown  8vo,  cloth  plain,  price 
2d.  6d.,  cloth  gilt,  price  3s.     . 

LAMARTINE  (Alphonse  dk).     Mary  Stuart.     With  Portrait, 

crown  8vo,  price  5s. 

LAYCOCK    (Professor).      Principles  and  Methods  of  Medi<uil 

Observation  and  Research.     Crown  8vo,  price  6s. 

M*CULLOCH  (J.  R.)     Principles  of  Political  Economy.    8vo, 

price  158. 

A  Treatise   on  Metallic  and  Paper  Money  and  Banks, 
written  for  the  Encyclopa?dia  Britannica.     4to,  5s. 

Economical  Policy.      Second  edition,  enlarged  and  im- 
proved, 8vo,  price  10s.  Gd. 

On  Taxation.     4to,  price  3s.  6d. 

MACAULAY   (Lord).       Biographies    of  Atterbury,    Bunyan, 

Goldsmith,  Johnson,  and  Pitt,  contributed  to  the  Encyclopaedia 
Britannica.  Fcap.  8vo,  price  3s.  6d.;  demy  8vo,  with  Portrait  by 
Maull  and  Polyblank,  price  10s.  6d. 
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MACAULAY  (Dr.  Alexr.)     Medical  Dictionary,  designed  for 

popular  use;  containiug  an  account  of  Diseases  and  their  Treatment, 
including  those  most  frequent  in  warm  climates.  New  edition, 
greatly  enlarged  and  improved.  By  Robert  Welbank  Macaulay, 
M.D.,  H.E.I.C.S.  Demy  8vo,  price  lOs.  6d.  cloth,  and  12s.  6d. 
half  russia. 

MANSEL  (H.  L.,  D.C.L.)     Metaphysics,  or  the  Philosophy  of 

Consciousness.     Crown  8vo,  price  7s.  6d. 

MASSON  (Gustave).     Introduction  to  the  History  of  French 

Literature.     12mo,  cloth,  2s.  6d. 

Class  -  Book    of    French   Literature,   with    Biographical 

Notices,  Notes  and  Chronological  Tables.     12mo. 

MILLER'S  (Hugh)  Works,  crown  8vo,  each  Ts.  6d. 

My  Schools  and  Schoolmasters.* 

Scenes  and  Legends  in  the  North  of  Scotland. 

First  Impressions  of  England  and  its  People. 

The  Old  Red  Sandstone. 

Testimony  of  the  Rocks. 

The  Cruise  op  the  Betsy. 

Sketch  Book  of  Popular  Geology. 

Foot-Prints  of  the  Creator. 

—  *  Cheap  edition  of  the  above,  crown  8vo,  cloth  limp,  price 
2e.  6d. 

MIIiLER  (Professor).  Principles  and  Practice  of  Surgery. 
Numerous  Ulustrations.    2  vols.  8vo,  each  ^6s. 

MUNCHAUSEN  (Baron).  Numerous  Illustrations.  ISmo, 
gilt  edges,  price  Is.  6d. 

MURRAY  (Andrew  and  Robert).  The  Theory  and  Prac- 
tice of  Shipbuilding  and  Steam  Ships.  Illustrated  with  Flatus  and 
Woodcuts,  4to,  price  1 48. 

NP:1LL  (Patrick,  LL.D.)     The  Fruit,  Flower,  and  Kitchen 

Garden.     Profusely  Illustrated.    Fcap.  8vo,  price  Ss.  6d. 

NICOL   (Professor).      Elements  of  Mineralogy;  containing 

General  Introduction  to  the  Science,  with  descriptions  of  the  Species 
Fcap.  8vo,  price  5s. 

OSWALD    (Rev.   John).      Etymological    Dictionary    of  the 

English  Language.     Seventh  edition,  18mo,  bound,  5s. 

OWEN  (Richard,    F.R.S.)      Palaeontology,   or  a  Systematic 

Summary  of  Extinct  Animals,  and  their  Geological  Relations.  141 
Illustrations.     Second  edition,  demy  8vo,  price  16s. 
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PARK  (MuNGo).     Travels  in  Africa.     Nine  page  Illustrations. 
S  jui^re  12ino,  gilt  edges,  price  5s. 

PATERSON  (James,  M.A.,  Barrister  at  Law).     Compendium 

of  English  and  Scotch  Law.    Royal  8vOy  price  288. 

»  PILLANS   (Professor).      Eclogae  Ciceronianea.     18mo,  price 

ds.  6d. 

First  Steps  in  Physical  and  Classical  Geography.     Fcap. 

Svo,  price  Is.  6d. 
PORTEOUS  (Bishop).     Evidences  of  the  Truth,  and  Divine 

Origin  of  the  Christian  Revelation,  with  Definitions  and  Analysis  by 
James  Boyd,  LL.D.     ISmo,  price  Is. 

POETRY  and  Poets  of  Britain.     From  Chaucer  to  Tennyson, 

I  with  Biographical  Sketches,  and  a  rapid  View  of  the  Characteristic 

!  Attributes  of  each.     By  Daniel  Scrymqeour.     Post  Svo,  gilt 

edges,  price  7s.  6d. 

PROSE  and  Prose  Writers  of  Britain.      By  Rev.  Robert 

Demaus,  M.A.    Cro¥ni  Svo,  gilt  edges,  price  Ts.  6d. 

RAMSAY    (Allan).       The    Gentle    Shepherd.       Illustrated, 

16mo,  price  2s.  6d. ;  gilt  edges  3s. 

RICHARDSON  (Sir  John,  LL.D.,  etc.)     The  Polar  Regions. 

Demy  Svo.     With  Map,  price  14s. 

ROBINSON  CRUSOE.     Illustrated  by  C.  A.  Doyle.    Square 

12mo,  gilt  edges,  price  5s. 

RUSSELL  (Robert).     North  America;  its  Agriculture  and 

Climate :  containing  Observations  on  the  Agriculture  and  Climate  of 
Canada,  the  United  States,  and  the  Island  of  Cuba.  With  Coloured 
Map  and  Plans.    Demy  Svo,  price  6s. 

RUSSELL  (Scott).      The  Steam  Engine.     Illustrated,  post 

Svo,  price  58. 
Steam  and   Steam  Navigation.      A  Treatise   on   the 

Nature,  Properties,  and  Applications  of  Steam,  and  on  Steam  Navi- 
gation.   Illustrated,  post  Svo,  9s. 

SCHMITZ  (Dr.)     Elementary  Greek  Grammar.     12mo,  price 
3s.  6d. 

SCRYMGEOUR   (Daniel).     Class-Book  of  English  Poetry. 

12mo,  price  4s.  Gd.     Or  in  2  parts,  price  28.  6d.  each. 

SCOTT  (Sir  Walter).     Complete  Works  and  Life.     98  vols., 

fcap.  Svo,  £14  :  14. 
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SCOTT  (Sir  Walter).     Waverlcy  Novels.     The  latest  edi- 
tions with  tlie  Author^s  Notes — 

New  Illustrated  Edition  of  1860,  48  vols.,  fcap.  8yo,  cloth,  96 
Plates,  and  1700  Illustrations  ....  £10  16    0 

Library  Edition,  25  vols.,  demy  8yo,  with  204  Engrav- 
ings after  Wilkie,  Landsecr 13    2    6 

Author's  Favourite  Edition  of  1847,  in  48  vols., 

fcap.  8vo,  with  Frontispiece  and  Vignette  to  each  vol.      7    4    0 

Cabinet  Edition,  25  vols.,  fcap.  8vo,  each  vol.  contain- 
ing Steel  Frontispiece  and  Woodcut  Vignette     .        .      3  10    0 

People's  Edition,  5  vols.,  royal  8vo,  with  Illustrations      2    2    0 

Railway   Edition,  25   vols.,  fcap.   8vo,  Illustrated 

Covers 1  17    6 

Separately,  Is.  6d.  each,  or  in  cloth,  28. 


Vol.  1.  Waverley,  or  "  'Tis  Sixty 
Years  Since." 

2.  Quy  Mannering,  or  The 

Astrologer. 

3.  Antiquary. 

4.  Rob  Roy. 

5.  Old  Mortality. 

6.  Black  Dwarf,  and  Legend 

of  Montrose. 

7.  Heart  of  Mid-Lothian. 

8.  Bride  of  Lammermoor. 

9.  Ivanhoe. 

10.  Monastery. 

11.  Abbot. 

12.  Kenilworth. 


Vol.13.  Pirate. 

14.  Fortunes  of  Nigel. 

15.  Peveril  of  the  Peak. 

16.  Queutin  Durward. 

17.  St.  Itenan's  Well. 

18.  Redgauntlet. 

19.  The  Betrothed. 

20.  The  Talisman. 

21.  Woodstoclc. 

22.  Fair  Maid  of  Perth. 

23.  Anne  of  Geierstein,  or 

the  Maiden  of  the  Mist. 

24.  Count  Robert  of  Paris. 

25.  Surgeon's     Daughter — 

Castle  Dangerous. 


« 

Poetical  Works.     Various  editions,  from  6s.  to  368. 

Miscellaneous  Prose  Works.     Various  editions,  from  268. 

to  846. 

Life  of  Napoleon  Bonaparte.     5  vols.,  fcap.  8vo,  price 

20s.     People*8  Edition,  1  vol.,  royal  8vo,  price  lOs. 

Tales  of  a  Grandfather.     Various  editions,  6s.  to  Ids. 

Beauties  of.     Crown  8vo,  gilt  edges,  price  58. 

Readings  for  the  Young  from  Scott's  Works.    Fcap.  8vo, 

gilt  edges,  price  78.  6d. 

Life  of,  by  J.  G.  Lockhart.     Various  editions,  7s.  6d.  to 

OUB. 

SIMPSON  (Professor).     Obstetric  Memoirs  and  Contributions, 

including  those  on  Anaesthesia.    Edited  by  C.  W.  Priestly,  M.D., 
and  H.  R.  Storer,  M.D.    2  vols.,  8vo,  profusely  Illustrated,  368. 
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SMITH  (Adam,  LL.D.)     The  Wealth  of  Nations :  an  Inquiry 

into  the  Nature  and  Causes  of  the  Wealth  of  Nations.  Edited,  and 
with  Life  of  the  Author,  by  J.  R.  M'Gulloch,  Esq.  Fourth  edition, 
.corrected  throughout,  and  greatly  enlarged;    8vo,  IGs. 

SPALDING  (Wm.,  M.A.)  An  Introduction  to  Logical  Science. 
Fcap.  8vo,  48.  6d. 

STEVENSON  (David).    Canal  and  River  Engineering.    Small 

dvo,  4b.  6d. 

STEWART   (W.  C.)     The  Practical  Angler,  or  the  Art  of 

Trout  Fishing,  more  imrticularly  applied  to  Clear  Water.  Fourth 
edition,  12mo,  cloth,  price  ds.  6d. 

THOMAS  (Dr.   Robert).     The  Modem  Practice  of  Physic. 

Eleventh  Edition,  edited  by  Dr.  Frampton.    2  vols.,  8vo,  price  288. 

THOMSON  (Professor).  Brewing  and  Distillation.  Post  8vo, 
price  6s. 

TRAILL  (Professor).    Medical  Jurisprudence.    Post  8vo,  price 

58. 

TYTLER  (P.  F.)  History  of  Scotland.  Enlarged  and  con- 
tinued to  the  Present  Time,  by  the  Rev.  James  Taylor,  D.D.,  and 
adapted  to  the  purposes  of  Tuition  by  Alex.  Reid,  LL.D.  Sixth 
edition,  12mo,  ds.  6d. 

Outlines  of  Modern  History.    Fifth  edition,  12mo,  3s. 

Outlines  of  Ancient  History.     Fourth  edition,  12ino,  3s. 


TYTLER  (Miss  M.  Eraser).    Tales  of  Good  and  Great  Kings. 

Fcap.,  cloth,  price  3s.  6d. 

VEITCH  (Rev.  Wm.)     Greek  Verbs,  Irregular  and  Defective. 

Poet  8to,  price  6b. 

WALPOLE  (Horace).     The  Castle  of  Otranto.     Fcap.  8vo, 

niuBtrated,  gilt  edges,  price  28.  6d. 

WARDLA W  (Dr.)    Systematic  Theology.    A  Complete  System 

of  Polemic  Divinity.    In  three  vols.,  demy  8vo,  price  21s. 

WHITE  (Robert).    Madeira ;  its  Climate  and  Scenery.    Second 

edition,  by  J.  T.  Johnson.    With  numerous  Illustrations,  and  a 
Map  of  the  Island.    Crown  8vo,  price  7s.  6d. 

YOUNG  (Andrew).     The  Angler  and  Tourist's  Guide  to  the 

Northern  Counties  of  Scotland,  with  Instructions  to  Young  Anglers. 
18mo,  price  28. 
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Now  complete,  in  21  Volomea  4(o,  cloth,  price  24  Guineas ;  or  handsomeW  Half-bound 

in  Russia  Leather,  price  30  Guineas, 

THE  EIGHTH  EDITION  OF  THE 

ENGTGLOFiBDIA  BEITANNIGA. 

A  DICTIONAEY  OF  ARTS,  SCIENCES,  AND  GENERAL 

LITERATURE 

With  upwards  of  Five  Thousand  lUvBtrations  on  Wood  and  Stetl, 
And  accompanied  by  a  complete  Index  in  cloth,  88.,  or  half  Russia,  128.  6d. 


(Fyiom  the  Tinus,  Ftbruary  1,  18G1.) 

*<  When  we  look  over  the  list  of  contributors,  it  is  impossible  to  deny  the  weight  of 
its  imposing  array  of  names,  which  claims  to  comprise,  apparently  with  good  reason, 
*  the  greater  number  of  the  individuals  most  celebrated  in  scientific,  literary,  and  poli- 
tical history,  who  have  adorned  the  annals  of  this  country  for  a  long  series  of  years.' 
The  very  pick  and  cream  of  this  catalogue  occupies  several  pages.  Nor  have  the 
contribations  of  most  of  them  been  limited  to  subjects  which  other  men  might  have 
treated  as  well,  but  for  the  most  part  we  obtain  some  of  the  choicest  work  of  each 
upon  the  subjects  on  which  they  were  the  principal  authorities.  Where  Archbishop 
Whately  takes  the  rise,  progress,  and  corruptions  of  Christianity;  Bunsen  the  subject 
of  Luther  and  the  German  Refoimation ;  M'Culloch,  money,  political  economy,  and  the 
cognate  subjects;  Macanlay  and  De  Quincey,  their  selected  biographies;  Donaldmn, 
philology;  Owen,  paleontology;  llerschcl,  the  telescope;  Robert  Stephenson,  iron 
bridges;  Bazley,  cotton ;  Fairbaim,  iron  manufacture;  and  other  men, for  the  most  part 
the  work  to  which  they  were  most  competent,  the  reader  may  grafip  a  notion  of  the 
grand  work  of  reference  which  is  now  placed  before  him.  Of  course  a  detailed  criticism 
of  its  contents  would  require  an  army  of  critics  to  produce  a  review  itself  of  a  length, 
quite  incalculable,  and  criticism  must  be  abandoned,  because  it  is  practically  an  impossi- 
bility. It  should  be  added,  however,  that  the  work  is  profusely  illustrated,  especially 
with  woodcuts ;  and,  best  of  all,  that  it  is  ftimbhed  with  the  new  feature  of  a  general 
index,  which  completes  its  value  as  a  work  of  reference.  In  a  book  framed  upon  this 
plan  by  such  a  multitude  of  eminent  men,  and  with  such  obviously  useful  accessories, 
it  may  therefore  be  fkirly  conceived  that  the  world  has  now  sudi  an  Encyclopedia  as  it 
never  had  before." 
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